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CHAPTER  1.  INTRODUCTION 


A.  BACKGKOUND 

References 

a  Conference  Report,  ‘Army  Human 
Engineering  Conference,”  The  Pentagon,  14- 
15  December  1955 

b.  Report,  “Second  Annual  Army  i^n- 
Bineenr.g  Psychology  Conference,”  Army 
Medical  Research  t.aboratory.  Fort  Knox. 
Kentucky,  7-9  November  1956. 

c  Report,  “Third  Annual  Army  Human 
Factors  Engineering  Conference,  Quarter¬ 
master  Research  and  Engineering  Command, 
Natick,  Massachusetts,  2-  1  October  1957. 

d.  Report,  “Fourth  Annual  Arrny  Human 
Factors  Engineering  Conference,”  U-  S. 
Army  Chemical  Center,  Marylaid,  9- 11  Sep¬ 
tember  1958 

e.  Report,  “Fifth  Annual  Army  Human 
Factors  Engineering  Conference."  Redstone 
Arsenal.  Alabama,  22-24  September  i959. 

{.  Report,  “Sixth  Annual  Army  Human 
Factors  Engineering  Conference,’  Fort  Bcl- 
voir,  Virginia,  3-6  October  1960 

g.  Report,  “Seventh  Annual  Army  Human 

Factors  Engineering  Conference,’  Univer¬ 
sity  of  Michigan,  3-6  October  1961. 

h  Arm>  Regulation  70-8,  “Research  and 

Development.  Human  Factors  Research, 

I  July  1958. 

Sponsorship  and  Planninp;  of  the  Confer¬ 
ence  _  . 

The  Annual  U.  S.  Army  Human  * 

Engineering  Conference  is 

Chief  of  Research  and  Development,  (OCRD) 
Department  of  the  Army.  Seven  such  Annual 
Conferences  have  previously  been  held  and 
are  reported  in  references  a,  b,  c,  d,  e,  i, 

and  g.  .  e  _ 

In  accordance  with  references,  p.anning 
for  the  Conference,  as  well  as  follow-up  of 
Its  suggestions  and  recommendations,  is  ac¬ 
complished  by  a  U.  S.  Army  Human  Factors 
Engineering  Committee  (AHFEC).  The  Com¬ 
mittee  has  been  corntjosed  of  representatives 
of  the  Chief  of  Research  and  Development 
(Chairman),  the  U.  S.  ContinentalArmy Com- 
Inand.  and  each  of  the  U.  S.  Army  Technical 
Services.  Inadditiontotheabove  representa¬ 
tion  directed  by  reference  h,  the  Committee 
has  been  augmented  since  I960  by  regular 


participant  observers  (without  vote),  from  the 
U.  S.  Army  Personnel  Researcr.  Office,  a 
Class  n  activity  under  the  jurisdiction  of 
OCRD,  the  Human  Resources  Research  Of¬ 
fice  (HumRRO),  of  The  George  Washington 
University,  the  U,  S.  Army  Board  for  Aviation 
Accident  Research  (USABAAR)  and  the  Army 
Participation  Group  at  the  U.  S.  Naval  Train¬ 
ing  Device  Center  (USNTDC)  The  member¬ 
ship  of  AHFEC  will  be  changed  in  the  near 
future  to  reflect  the  recent  reorganizational 
of  the  Army. 

Purposes  of  the  Conference  are 

a.  To  provide  direct  exchange  of  infor¬ 

mation  on  human  factors  engineering  among 
personnel  of  U.  S.  Army  development  agen¬ 
cies,  and  between  these  and  representatives 
of  user  agencies  and  other  qualified  individ¬ 
uals.  . 

b.  To  provide  recommendations  and  sug¬ 
gestions  to  be  followed  up  by  the  U.  'I,  Army 
Human  Factors  Engineering  Committee  to 
assure  exploitation  of  all  opportunities  for 
improving  man- machine  compatibility  in  the 
design  of  U,  S.  Army  materiel. 

c.  To  pri,  /ide  a  Conference  Report  which 
will  serve  as  a  useful,  authoritative,  and 
complete  compendium  of  current  work  pro¬ 
grams  and  related  information  concerning 
all  U.  S.  Army  human  factors  engineering  re¬ 
search  and  development  activities. 

Following  the  invocation  by  Colonel  Silas 
E.  ^cker,  Post  Chaplain,  the  Eighth  Annual 
Conference  wts  called  to  order  in  Theater 
Number  1,  Fort  Benning,  Georgia,  at  0900 
hours,  17  October  1962,  by  the  General  Con¬ 
ference  Chairman,  Dr.  LynnE  Baker,  Scien¬ 
tific  Advisor,  Human  Factors  Research  Di¬ 
vision,  Office  of  the  Chief  of  Research  and 
Development,  Department  of  the  Army  Reg¬ 
istration  of  the  conferees  was  accomplished 
1500-220U  hours  on  l6  October  attheSals/no 
Mess  Billets  where  the  majority  of  the  con¬ 
ferees  were  quartered. 

Maior  General  Ben  Harrell.  Commanding 
General,  0.  S.  Army  Infantry  Center  and 
Commandant,  U.  S.  Army  Infantry  School, 
welcomed  the  conferees  and  put  the  facilities 
of  the  Post  at  the  disposal  of  the  conference. 
The  keynote  address  was  delivered  by  Lieu¬ 
tenant  General  John  P  Daley,  Commanding 
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General,  U.  S.  Army  Combat  Developments 
Command.  General  Daley  emphasized  the 
urgent  need  for  human  factors  engineering  on 
the  clothing  and  equipment  of  the  ..ombat 
Infantryman 

T  e  Conference  Banquet  was  held  at  the 
Forr  Benning  Main  Off.^-ers  Open  Mess  at 
1830  hours,  17  October.  The  After  Dinner 
Address  was  given  by  Major  General  Harrell 
who  stressed  the  Infantryman's  role  in  the 
Army's  over-all  mission  and  gave  a  colorful 
summary  of  Fort  Beming  and  its  functions 
and  facilities,  F  ollowing  General  Harrell's 
remarks  the  conferees  were  entertained  by 
the  Infantry  Chorus. 

During  the  seco  d  day  of  the  Conference, 
Fort  Benning  personnel  put  on  a  series  of 
demonstrations  to  highlight  the  trailing, 
activities,  weapons  and  equipment  of  the 
Infantry  soldier.  The  field  demonstrations 
included  orientations  on  airborne,  ranger, 
and  leadership  training,  on  river  crossing 
techniques,  on  capabilities  and  limitations  of 
ground  mobility  means,  and  on  the  display 
and  firing  of  all  weapons  of  the  infantry 
battle  group  and  brigade.  These  demonstra¬ 
tions  were  highlyprofessional,  sophisticated, 
and  extremely  well  received  by  the  conferees 
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AdiQurnment 

The  Conference  adjourned  at  1410  hours 
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Forecast  for  1963 

The  Annual  Army  Human  Factors  En¬ 
gineering  Conference  now  has  a  history  of 
eight  successful  years.  There  arenumerous 
indications  that  this  series  of  eight  con¬ 
ferences  has  contributed  measurably  to  the 
maturat.on  of  the  human  factors  engineering 
program  svithin  the  Army,  Under  the  recent 
reorganization  of  the  Army,  the  Army’s  hu¬ 
man  factors  engineering  activities  were  con¬ 
veniently  and  efficiently  consolidated  within 
the  newly  formed  Army  Materiel  Command. 
Throughout  the  course  of  the  past  eight  con¬ 
ferences,  the  scope  of  the  conference  has 
been  steadily  broadened  to  include  research 
from  other  human  factors  groups  not  specif¬ 
ically  engaged  in  human  factors  engineering. 
This  procedure  has  promoted  recognition  of 
the  interrelation  of  the  varied  human  factors 
endeavors.  Therefore,  m  view  of  past  suc¬ 
cess  and  the  existing  propitious  circum¬ 
stances,  the  scope  of  the  ninth  conference, 
to  be  held  in  1963,  will  be  expanded  to  en¬ 
compass  the  entire  Army  humanfactors  pro¬ 
gram  It  IS  planned  that  the  conference  in 
1963  will,  in  fact,  be  an  Army  Human 
Factors  Research  and  Development  Confer¬ 
ence. 


4 


R  WELCOMING  REMARKS  TO  'HIE  EIGHTH  ANNUAL  ARMY  HUMAN  FACTORS  ENGINE^- 
fir  rrm^FNCF  ^  Mawr  General  Ben  Harrell,  Commanding  General,  U.  S,  Army 
M?ntr?“Scoi— gSral.U.S.ArmyW^^^  Ft  Bemaag,  Georgia 


Or.  Baker  .  .  .  Gencratl  Daley  .  .  .  and 
Delegates  to  the  8th  Annual  Arm/  Human 
Factors  Engineering  Conference 

It  IS  a  real  pleasure  for  all  of  us  at  Fort 
Benmne  to  have  as  our  guests  such  a  dis¬ 
tinguished  and  important  group  of  visitors 
And,  I  extend  to  each  of  you  our  very  warmest 
welcome'  Our  entire  Post  and  its  facilities 
arc  at  your  disposal,  and  we  sincerely  hope 
that  your  visit  will  be  enjoyable  as  well  as 
professionally  profitable.  We  rarely  have 
the  opportunity  of  meeting  with  a  group  that 
is  so  influential  in  developing  the  Infantry¬ 
man's  Weapons  and  Equipment.  ^ 

The  theme  of  this  Conference  -  The  in¬ 
fantryman,  Invincibility  on  the  Battlefield 

IS  especially  meaningful  to  us  at  Fort  Benning. 

in  fact,  il*8  the  theme  we  live  by  ib5  days  of 
the  year.  We  know  that  Infantry  is  the  very 
core  of  our  Army’s  combat  strength.  We 
know  from  experience  that  the  doughboy 

always  cai  'les  the  brunt  of  the  Atm/  s 
fighting  and  suffers  the  highest  casualties. 
His  job  IS  the  dirtiest,  the  hardest,  and  oAen 
the  least  recognized.  Further,  he  mast  be 
prepared  to  fight  anywhere  m  the  world  under 
any  conditions  of  weather  or  terrain.  He 
must  be  organized,  equipped,  and  trained  .o 

play  a  major  role  in  any  kind  of  war,  from 
auerriUa  war  to  unrestricted  nuclear  war- 
fare  It  is  preciselv  for  these  reasons  that 
everyone  at  Fort  Benning.  considers  your 
conference  so  important.  ^ 

Following  General  Daley  s  address  this 
morning  you  will  hear  a  » 

modern-day  Iniairtry  trom  Colonel  Short  o£ 
the  Infantry  School.  This  morning  1  would 
like  to  spend  the  next  few  moments  telling 
you  about  Fort  Benning  and  some  of  its 
various  functions  and  facilities. 

Fort  Benning  is  the  hub  of  Infantry  activ¬ 
ity  and  the  fountainhead  ofinfantry knowledge 

within  the  0.  S.  Arm/,  It  is  the  home  of  the 
Infantry  Center,  the  Infantry  School,  ^d  the 
2d  Infantry  Division.  The  Infantry  Center 
supports  the  Infant. y  School  and  the 
complex  at  Fort  Benning.  It  furnishes  all  of 
the  services  for  a  military  community  of 
over  70,000  personnel,  which  includes  sol¬ 
diers  and  their  families.  In  addition,  it  pro¬ 
vides  the  maintenance  and  upkeep  of  all  the 
facilities  of  the  183.000  acre  reservation. 

The  famed  2d  Infantry  Division,  corn- 
tr.anded  by  Brigadier  General  BilUngslea,  Is 
stationed  here.  This  organization  of  15,000 
men  is  a  highly  trained, 

vision  prepared  now  for  any  task  thav  might 
confront  us.  It  also  renders  valuable  assist¬ 
ance  to  the  Infantry  School. 

Also  located  at  Fort  Benning  arethelAb. 
Army  Infantry  Board  and  the  Combat  De¬ 


velopments  Agency  The  Infantry  Board  is 
responsible  for  evaluating  and  making  rec¬ 
ommendations  on  Infantry  weapons,  clothing 
and  equipment,  and  other  items  under  de¬ 
velopment.  They  are  the  ones  who  see  how 
well  you've  done  your  work  as  design  engi¬ 
neers  The  Infantry  Combats  Developments 
Agency,  a  subordinate  element  of  General 
Daley’s  Combat  Development  Command,  is 
also  here  The  CDA,  as  we  call  it,  is  con¬ 
cerned  with  how  the  Infantry  wiJl  be  equipped 
and  organized,  and  hew  it  will  fight  in  the 
£i  ture, 

I'm  sure  you  are  aware  that  the  Infantry 
Himan  Research  Unit  is  located  at 
B  enning.  This  Unit  conducts  psychological  and 
sociological  studies  to  gather  data  relative  to 
training  methods  applying  to  the  Infantry. 

We  have  many  other  organizations  here, 
such  as  the  1st  Brigade,  and  tne  ISlst 
Engineer  Group,  the  Lawson  Arm/  Aviation 
Command,  and  Martin  Army  Hospital.  But 
our  most  significant  activity,  to  my  mind,  is 
the  Infantry  School. 

tf  IS  here  that  we  train  the  leaders  and 
men  of  the  Infantry.  This  is  the  largest  miH- 
tary  training  institution  of  its  kind  in  the 
world.  In  effect,  it  is  a  vast  proving  ground 
whcrclnfantry  Officers  and  Noncommissiw.ed 

officers  are  made,  trained  and  tested.  Last 
year  we  had  over  20  thousand  resident  stu¬ 
dents  attending  16  different  courses  of  in¬ 
struction.  Induced  in  this  number  were  over 
472  Allied  students  from  49  d.fferent  coun¬ 
tries.  These  courses  include  branchtraimng 
for  Infantry  officers,  advanced  courses  for 
Infantry  leaders,  and  specialist  courses  such 
as  Ranger,  Airborne,  Communications,  and 
Weapons  training.  Officer  Candidate  training 
for  prospective  second  lieutenants  of  Infantry 
IS  one  of  the  most  important  functions  of  the 
School.  We  also  supported  more  than  275 
thousand  nonresident  students  from  the  Re¬ 
serve  Components  and  ROTC. 

Out  activiUes  compare  to  those  otaiarp 
university.  The  Infantry  School  employs  the 
most  modern  teaching  methods  and  tech¬ 
niques,  and  the  facilities  of  Fort  Benning  arc 
unmatched  anywhere  m  the  world  for  Com¬ 
bined  Arms  training.  Our  students  from 
Allied  nations  come  from  as  far  away  as 
Ethiopia  and  Indonesia,  primarily  to  study 
our  methods  and  to  use  them  mtheir  military 
schools. 

In  many  ways  our  work  hero  at  l^rt 
Benning  is  very  similar  to  yours.  Our 
primary  concern  is  with  men  and  their  per¬ 
formance  as  members  of  Combat  teams,  uf 
course,  we  are  concerned  with  equipment, 
particularly  that  used  by  the  Infantry  soldier, 
for  nis  equipment  and  weapons  must  be  the 
best  available. 
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And  Since  )OU  are  the  people  v\io  can  get 
us  that  good  usable  equipment,  we  are 
doubly  happy  to  welcome  youtoFortBenning. 
While  you  are  here  we  are  going  to  show  you 
what  Infantry  does.  We  have  arranged  your 
schedule  so  you  can  see  at  least  some  of  the 
various  types  of  training  conducted  by  the 
Scnool.  During  these  demonstrations  I  hope 
that  ycu  will  notice  the  very  high  level  of 
professional  skill  possessed  by  the  Infantry¬ 
men  who  conduct  them. 


I  hope  you  will  leave  Fort  Denning  with  a 
cl‘*arer  picture  of  the  importance  of  the 
ground  soldier  .ind  the  vital  role  he  always 
plays  in  any  kind  of  war.  I  hope,  too,  that 
you  will  leave  with  renewed  conviction  of  the 
importance  of  Human  Factors  Engineering  as 
it  applies  to  the  Infantry  soldier. 

Again,  welcome  to  Fort  Denning,  I  hope 
your  stay  will  be  pleasant  and  profitable  and 
that  this  Conference  will  be  an  outstanding 
success. 
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C.  KEYNOTE  ADDRESS  by  Lieutenant  General  John  P.  Daley,  Commanding  General,  U.  S. 
Army  Combat  Developments  Command.  Fori  Belvoir,  Virginia 


General  Harrell.  Or.  Baker,  Members  of 
the  Human  Fact<'rs  Engineering  Conference. 

It  IS  particularly  appropriate  that  we 
met*  here  at  Fort  Benning.  the  home  ofU.  S. 
Infantrymen,  and,  indeed,  the  greatest  In¬ 
fantry  Center  of  the  Free  World.  It  is 
peculiarly  appropriate  because  the  theme  of 
this  conference  is  the  Combat  Infantryman. 

In  words  the  theme  of  the  conference  is 
expressed  as  "Infantryman  -  Invincibility  on 
the  Battlefield.’*  If  you  and  1  are  to  tarn  our 
attention,  as  we  must,  to  help  this  man  in 
his  task,  we  must  understand  that  task  ex¬ 
plicitly.  Stated  in  Field  Manual.  100-5,  Field 
Service  Regulations,  this  man's  function  is 
as  follows 

"78.  Infantry  Function 

"a.  The  basic  infantry  function  is 
to  close  with  and  destroy  the  enemy  by 
fire  and  .naneuver  and  shock  action  The 
essential  characteristic  of  infantry  close 
lombat  elements  is  the  ability  to  fight  on 
foot  in  all  types  of  terrain  and  under  all 
conditions  of  weather,  coupled  with  the 
ability  to  move  and  fight  with  any  means 
of  mobility  provided,  either  organic  or 
attached.” 

To  set  this  conference  in  perspective,  I 
would  like  to  look  from  the  infantryman's 
task  to  yours.  Your  task  as  defined  in  Army 
Regulations  is  as  follows. 

"Human  Factors  Engineering— The 
application  of  scientific  principles  con¬ 
cerning  human  physical  and  psychological 
characteristics  to  the  design  of  equip¬ 
ment,  so  as  to  increase  speed  and  pre¬ 
cision  of  operations,  provide  maximum 
maintenance  efficiency,  reduce  fatigue 
and  simplify  operations." 

Paraphrased  then,  the  purpose  of  your 
task  as  related  to  infantry  is  simply. 

Design  equipment: 

to  increase  the  speed  and  precision 
of  infantry  operations, 
to  provide  maximum  maintenance 
efficiency  for  the  infantry, 
to  reduce  the  infantryman's  fatigue, 
and  to  simplify  infantry  operations. 
I  propose  this  morning  to  explain  to  you 
briefly  the  Combat  Developments  Command 
and  how  we  in  Combat  Developments  attempt 
to  provide  the  Infantryman  the  wherewithal  to 
perform  his  functions.  Secondly,  I  propose 
to  point  out  to  you  some  of  the  things  which 
you  can  do  to  assist  this  man. 

Many  years  ago, Cato, theRomanSenator, 
ended  every  speech  with  these  words- 
"Carthage  must  be  destroyed."  He  demon¬ 


strated  the  value  of  repetition  in  or  out  of 
context.  It  IS  a  lesson  I  have  learned. 

In  everv  speech  I  make  I  keep  driving 
home  to  every  captive  audience  the  fact  that 
the  mission  of  the  Combat  Developments 
Command  can  be  summed  up  in  these  three 
questions 

How  should  tne  Army  be  organized’ 
How  should  the  Army  be  equipped’ 
How  should  the  Army  fight** 

I  have  at  each  Army  school  s  CD  Agency 
and  here  at  Fort  Benmng  I  have  the  Infantry 
Combat  Developments  Agency  commanded  by 
Colonel  Zckland,  whose  ta'sk  can  be  equally 
simply  expressed  How  should  the  Infantry 
be  organized’  How  should  the  Infantry  be 
equipped’  and  How  should  the  Infantry  fight’ 
We  in  uombat  Developments  answer  the 
question.  How  to  organize  units’,  by  pro¬ 
ducing  Tables  of  Organization  and  Equip¬ 
ment.  We  answer  the  question  on  how  to 
fight  by  producing  Field  Manuals.  It  is  the 
third  question  that  is  of  most  interest  to  you 
conferees.  How  should  the  Army  be  equipped’ 
We  in  the  Combat  Developments  Command 
produce  the  Qualitative  Materiel  Require¬ 
ments,  OMR's  which  state  indetailthe  equip¬ 
ment  needed— in  this  case  the  equipment 
needed  by  Infantry,  If  you  have  never  studied 
a  Qualitative  Materiel  Requirement,  1  sug¬ 
gest  you  do  so  because  in  effect  it  is  the 
contract  between  the  Combat  Develr..ments 
Command  and  the  Army  Materiel  Command 
for  a  piece  of  equipment,  and  a  part  of  that 
contract  is  a  statement  of  the  human  factors 
which  must  be  considered  in  producing  the 
equipment.  This  is  the  first  opportunity  for 
human  factors  engineering  to  inHusnce  equip¬ 
ment  design.  For  example,  here  ‘sthe  state¬ 
ment  taken  from  a  Typical  QMB 

Extract  from  QMR  for  Lightweight.  Self- 
Propelled  155mm  Howitzer 

"10.  (U)  Human  Engineering  Character¬ 
istics.  Human  engineering  is  required  to  in¬ 
sure  efficient  operation  of  the  weapon  for 
extended  periods  oftime  without  undue  fatigue 
of  the  crew.  Specifically 

a.  (Essential)  Provisionsforthecrew 
to  mount  and  dismount  easily  and  safely  are 
required.  Seating,  hand  holds  and  fort  braces 
are  required  for  safety  and  comfoit  of  per¬ 
sonnel  riding  on  the  weapon  while  negotiating 
rough  terrain.  Provision  shoulQ  be  made 
(seat  belts)  to  enable  personnel  to  operate 
individual  weapons  for  defense  while  on  the 
move, 

b.  (Essential)  The  driver  compart¬ 
ment  should  provide  maximum  room  fer  the 
driver  to  prevent  fatigue  from  cramped 
quarters  even  while  wearing  arctic  clothing. 


Ari  adjustable  seat  (with  safety  belt)  is  re¬ 
quired  Instruments  and  controls  should  be 
visible  and  accessible  to  the  driver  through¬ 
out  tne  adjustment  range  of  the  seat. 

c.  (Essential)  All  dials,  gauges,  le¬ 
vers,  control  buttons,  hand-wheels,  etc., 
should  be  located  to  be  easily  read-operated 
by  tl  e  individual  required  to  control  such 
Items  from  his  normal  operating  position. 
♦♦#*•*  *^ 

»  «  lit  *  « 

The  following  are  several  examples  of 
human  factors  engineermg  specifications 
taken  from  the  Combat  Developments  Ob¬ 
jective  Guide.  As  you  can  see,  one  of  these 
examples  does  not  specify  very  much  con¬ 
cerning  the  precise  human  engineering  inputs 
which  are  required. 

a.  Reference  CDOGParagraph238d(l)  - 
Foxhole  Digger  (U) 

10.  (U)  Human  Engineering  Charac¬ 
teristics. 

a.  The  device  shall  be  of  opti¬ 
mum  simplicity  in  design  and  operation  re¬ 
quiring  the  minimum  human  effort  and  in¬ 
telligence  in  its  operation. 

b.  The  soldier  should  not  require 
any  external  assistance  in  handling  and  using 
th‘1  device. 

c.  Environmental  factors  in¬ 
duced  by  the  operation  of  the  dev*cc  should 
be  within  the  requirements  set  forth  in  the 
performance  and  physical  characteristics. 

**«***-*«*««««* 

b.  Reference.  CDOG  Paragraph 
237b(10)  Heavy  Assault  Weapon  System  (U) 

«*«««*«*«««*«» 

3s.  (U)  Human  Factors  En¬ 
gineering.  Design  in  conformity  with  human 
factors  e^gmeering  principles  is  required. 
More  specific  guidance  on  human  factors  en- 
gmeering  can  be  furnished  after  the  system 
is  better  defined. 

«***«*«*«*«««* 

c.  Reference:  CDOG  Paragraph 
237a(5)  -  Special  Purpose  Individual  Weapon 
(U). 

**********  *  * 

16.  (U)  Hun  ^ineering. 

Human  engineering  is  reqi 

************** 

We  produce  QMR's  as  a  result  of  studies 
which  are  coordinated  between  the  various 
Combat  Developments  agencies,  for  example, 
between  the  Infantry,  the  Ordnance,  the  Signal, 
and  which  in  turn  reflect  lateral  coordination 
with  agencies  of  the  Army  Materiel  Command, 
for  example,  with  the  Ix^antry  Board  or  with 
the  Munitions  Command.  By  this  coordination 
we  attempt  to  insure  that  there  is  a  proper 
statement  of  the  requirement  for  human 


factors  engineering.  It  is  here  that  those  of 
;Ou  connected  with  either  the  Combat  De¬ 
velopments  Command  or  the  Army  Materiel 
Command  can  first  directly  effect  the  ade¬ 
quacy  of  human  engineering.  You  can  make 
certain  that  an  adequate  statement  of  the  re¬ 
quired  human  factors  engineering  appears 
in  the  QMR. 

When  a  Qualitative  Materiel  Require¬ 
ment  18  approved  by  the  Department  of  the 
Army  and  becomes  an  active  project  with  the 
Army  Materiel  Command,  then  those  of  you 
working  in  the  laboratories,  arsenals,  and 
other  facilities  of  that  command  have  a 
chance  to  directly  affect  the  design  of  the 
equipment. 

It  is  my  hope  that  your  visit  here  today 
and  the  demorstrations you wiUsee tomorrow 
will  make  your  Human  f  actors  Engineermg 
more  realistic  since  you  will  have  a  better 
picture  of  the  tasks  facing  the  Infantry  and 
the  environment  in  which  the  Infantryman 
works. 

1  sometimes  think  that  m  our  entrance- 
ment  with  Human  Factors  Engineering  for 
major  pieces  of  equipment,  we  have  perhaps 
neglected  our  duty  with  respect tothe  simple, 
reliable,  rugged,  usually  man-portable  equip¬ 
ment  tbgtt  our  Infantryman  needs  and  de¬ 
serves. 

Several  weeks  ago  at  our  Combat  Develop¬ 
ments  Experimentation  Center  at  Fort  Ord, 
I  asked  an  Infantryman  who  was  charged  with 
manning  a  small  ground-  search  radar  what 
he  would  change  about  the  equipment  if  he 
could.  The  answer  was  quite  frank:  "Gen¬ 
eral,  it's  got  about  Six  knobs  on  it.  That's 
too  many  knobs  to  work  from  a  fox  hole.  X 
think  two  would  probably  do.''  Quite  frankly, 
gentlemen,  this  is  a  case  of  poor  Human 
Factors  Engineering.  But  with  infantry  e- 
,'iipment  the  task  you  face  is  really  not 
•  '.n  that  complex,  because  that  radar  is 

tamly  as  complex  a  piece  of  equipment 

one  would  e^^ect  an  Infantryman  to  have 
in  the  fore- front  of  the  battle. 

1  Suggest  that  we  could  afford  some  Hu¬ 
man  Factors  Engineering,  starting  with  the 
heel  of  the  Infantryman's  boot  and  stopping 
with  the  cap  on  his  head.  It  is  an  unfortunate 
fact  that  we  still  send  the  Infantryman  out  to 
battle  loaded  with  equipment  which  is  too 
heavy,  too  bulky,  not  satisfactorily  human 
engineered. 

About  a  year  ago  in  Mannheim,  Germany, 
we  loaded  down  a  lieutenant  with  all  the  equip¬ 
ment  he  was  supposed  to  carry.  It  was  quite 
a  sight.  I  happened  to  be  the  G- 3  of  USAREUR 
at  the  time.  X  took  one  look,  turned  to  the 
G-1,  General  Lindeman,  and  said,  "Obviously 
it  is  not  an  equipment  problem.  It  is  a  per¬ 
sonnel  problem.  Weneedbigger lieutenants." 
Unfox  (unately,  gentlemen,  the  production  of 
bigger  lieutenants  falls  in  the  very  long- 
range  development  cycle  and  we  should  do 
things  to  help  today's  '’-ifantry. 
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I  would  like  you  gentlemen  to  itudy  the 
.equipment  that  vou  will  see  the  Infantry  here 
.it  Fott  Benmng  use  m  a  battlefield  environ¬ 
ment.  I  urge  you,  individually  and  collec¬ 
tively,  to  consider  whether  or  not  there  is 
any  means  for  lightening  the  load  that  man 
carries.  An  ounce  reduced  here  and  a  pound 
there  can  make  a  great  deal  of  difference  to 
the  man  who  fights  on  foot.  Ask  yourself  if 
all  the  wonders  of  modern  technology  cannot 
in  some  way  reduce  the  load  the  Infantry 
carries.  Ask  yourself  such  simplequestions 
as  whether  or  not  the  Army’s  canteen  is 
actually  human  engineered.  Frankly,  I  doubt 
It. 


The  keynote  to  this  conference  is  the 
Infantryman-Invincibility  on  the  Battlefield. 
The  challenge  to  you,  gentlemen,  is  to  assure 
that  we  have  engineered  that  Infa-itryman’s 
equipment  for  the  Infantryman  and  have  not 
tried  to  engineer  the  Infantryman  for  the 
equipment.  In  other  words,  your  challenge 
is  to  insure  that  that  Infantryman,  when  he 
goes  into  battle,  has  the  support  of  every  bit 
of  engineering  and  scientific  know-how  that 
this  country  can  produce,  Ifyoudoyourtask, 
then  in  a  small  way  you  can  share  in  the  glory 
of  the  Invincible  United  States  Infantry;  the 
best  human  factors  engineering  far  thehnest 
infantrv  in  the world--theU.S.Armv Infantry. 
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D.  INFANTRY  DOCTRINE  AND  CONCEPTS  by  Colonel  Walter  D.  Short,  U.  S.  Army  Infantry 
School,  Fort  Benning,  Georgia 


The  Infantry  ■welcomes  the  opportunity 
provided  by  this  conference  to  put  its  views 
to  you.  General  Decker,  our  former  Army 
Chief  of  Staff,  says  concerning  materiel  de¬ 
sign  ’hat,  “It  is  the  responsibility  of  the 
combat  arms  to  establish  requirements  that 
embody  the  desired  standards  of  simplicity 
and  to  demand  that  these  standards  be 
followed.  Simplicity  and  directness  arehall- 
marks  of  combat  effectiveness— they  are 
evidence  of  constructive  imagination  and 
thought,  they  indicate  insight  mto  the  heart 
of  the  military  problem,"  Therefore,  we  arc 
also  moat  interested  in  your  views  and  the 
items  on  your  agenda.  I  realize  thatthe  title 
of  this  talk  should  more  appropriately  have 
been  "’r.^antry  Psychological  Patterns  and 
the  Ph  •  ona  of  its  Conceptual  Response” 
in  the  lig.'ii  of  your  scientific  sophistication, 
but  perhaps  you  will  be  able  to  find  a  few 
technical  terms  as  we  progress. 

During  the  next  50  some  minutes,  1  pro¬ 
pose  to  discuss  With  you  the  missions  of  the 
Infantry,  and  to  examine  our  organizational 
structures.  Thereafter,  we  will  see  the 
general  manner  of  the  Infantryman’s  tactical 
op» .  ations  that  you  may  better  visualize  the 
environments  in  which  he  must  operate. 
From  this  we  will  proceed  to  outline  some  of 
our  equipment  deficiencies,  where  perhaps 
you  will  be  able  to  help  us,  and  then  we  will 
examine  the  problems  uhich  we  consider 
remain  to  be  solved  in  regard  to  our  organi¬ 
zations  and  their  support. 

As  an  instrument  of  war  the  infantryman 
has  been  declared  oosolete  many  times  since 
the  decline  of  the  Roman  legion.  In  theory, 
over  the  years  he  has  been  replaced  bymany 
weapons  developments  from  the  armored 
knight  to  the  first  cannon,  the  tank,  the  air¬ 
plane.  the  rocket  and  the  nuclear  weapon. 
But  this  is  only  in  theory  for  the  pages  of 
modern  history  prove  that  this  alledgedly 
obsolete  footsoldier  has  played  a  critical 
part  in  every  war.  Even  in  the  short  span  of 
time  since  the  end  of  World  War  II  we  have 
seen  this  rifleman— or  his  Allied  counter¬ 
part — fight  in  Korea,  Malaya,  Indo  China, 
Greece,  L.ao8  and  Viet  Nam.  And  in  each  of 
these  so-called  “SmaUWars‘'hehasbcenthe 
decisive  clement.  But  we  are  here  to  deal  not 
with  the  past  but  with  the  Infantryman’siole  in 
the  present  and  on  the  battlefield  ofthefuture. 
All  of  the  Army’s  resources  as  well  asmany 
of  those  of  the  other  Servicesexistto support 
the  man  or.  the  ground.  In  the  final  analysis 
he  is  the  most  valuable  asset  in  our  Defense 
establiAhment.  The  Doughboy’s  ultimate  job 
is  still  to  close  with  the  enemy  by  fire  and 
maneuver  in  order  to  capture  or  destroy 
him---or  to  repel  the  enemy's  assault  by 
fire,  close  combat  and  counterattack. 


To  accomplish  his  mission  our  Infantry¬ 
man  must  be  capable  of  winning,  in  any  area 
of  the  world  under  all  environmental  condi¬ 
tions  as  he  fights  a  counterguerrilla  opera¬ 
tion,  a  limited  war  or  an  all-out  nuclear  war. 
He  must  be  able  to  combat  all  types  of  enemy 
forces  be  they  massed  mechanized  units  or 
elusive  guerrilla  bands.  He  cannot  be  cast 
in  a  mold  which  allows  him  to  fight  only  on 
the  plains  ofWestern  Europe  or  themountains 
and  deserts  of  our  CENTO  friends— .or  only 
in  the  jungles  of  Southeast  Asia.  He  must  be 
able  to  fight  anywhere.  Moreover,  he  must 
be  capable  of  quick  deployment  and  be  able  to 
operate  with  austere  logistical  support  and 
without  a  long  and  vulnerable  administrative 
tail.  Therefore  our  tables  of  org..nization 
and  equipment  must  be  designed  with  the 
specific  idea  of  multicapabihty 

AS  you  all  know,  the  Army  is  currently  in 
the  process  of  reorganizmg  its  combat  di¬ 
visions  under  the  ROADconcept.  “Reorgani¬ 
zation  Objectives  Army  Divisions"  is  the 
translation  of  this  acionym.  The  purpose  is 
to  give  the  divisions,  and  the  division  is  the 
basic  combined  arms  unit  of  the  Army,  a 
greater  flexibihtv  so  as  to  achieve  the  multi- 
capability  we  seek.  There  are  four  so- called 
type  divisions  Iniantry,  Airborne,  Mechanized 
and  Armored:  the  first  three  of  which  con¬ 
cern  US  most  here  at  the  Infantry  School.  I 
said  "Type"  because  we  will  no  longer  ex¬ 
pect  to  find  a  large  number  of  identical  units 
the  size  of  a  division,  -  some  15,0v3 humans. 
Rather,  each  division  will  be  tailored  to  fit 
the  characteristics  of  the  theater  of  opera¬ 
tions  for  which  it  IS  destined  and  the  mis¬ 
sions  it  IS  expected  to  accomplish.  Each 
division  is  given  a  common  division  base. 
With  minor  modifications,  such  as  increased 
maintenance  support  for  mechanized  di¬ 
visions  or  an  Air  Equipment  Support  Company 
fOr  an  airborne  division,  this  base  is  identi¬ 
cal.  It  consists  of  a  Division  Headquarters, 
a  Military  Police  Company  and  a  Signal 
Battalion  to  exercise  command  and  control. 
An  Armored  Cavalry  Squadron  exists  to  pro¬ 
vide  air  and  ground  reconnaissance  informa¬ 
tion  to  the  commander.  This  organization  is 
highly  mobile  and  well  armed  so  it  can  fight 
to  get  information.  It  has  an  air  cavalry 
troop  with  helicopters  and  light  aircraft. 

The  Engineer  Battalion  is  invaluable  in 
helping  the  combat  elements  to  get  forward. 
Us  companies  can  demolish enemyobstacles, 
fix  roads,  build  bridges  or  fight  as  infantry 
if  necessary. 

The  primary  fire  support  for  the  division 
is  found  in  its  artillery.  The  Division  Artil- 
Ury  has  howitzers  and  rockets  capable  of 
providing  indirect  fires  of  high  explosives. 
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In  addition  to  backing  up  the  ground  gain¬ 
ing  elements  with  indirect  fire  support  at 
ranges  out  to  39,000  meters,  the  division 
artillery  provides  the  division withanorganic 
tactical  nuclear  weapons  delivery  capability. 

The  Aviation  Dattalien  exists  to  provide 
the  division  commander  with  a  degree  of 
air  .nobility— the  newest  dimension  m  Army 
operations  The  45  helicopters  and  light  air¬ 
craft  of  this  battalion  will  move  a  dismounted 
175  man  rifle  company  in  a  single  lift.  The 
oattahon  also  has  airborne  radar,  infra-red 
equipment  and  drones  for  target  acquisition 
so  the  division  commander  can  better  employ 
the  massive  firepower  of  the  new  division. 

The  divisions  administrative  support  ele¬ 
ments— personnel,  medical,  supply,  trans¬ 
portation  and  maintenance  are  found  m  the 
Support  Command  under  the  control  of  a 
single  headquarters.  The  support  command 
IS  a  functional  organization  organized  by 
activity  rather  than  being  compartmentalized 
by  technical  service,  such  as  quartermaster, 
transportation  corps,  signal,  and  ordnance. 
This  .s  a  step  forward  as  it  provides  (he 
division  commander  with  a  single  responsive 
operator  and  also  lends  itse'ftobeing  readily 
fragmented  to  give  balanced  support  to  in¬ 
dividual  brigades  as  required. 

Lastly,  as  part  of  the  Common  Division 
Base  there  are  tnree  Brigade  Headquarters. 
The  Brigade  Headquarters  is  a  command 
control  facility  with  a  capability  of  control¬ 
ling  and  coordinating  maneuver  elements 
together  with  essential  administrative  sup¬ 
port.  The  brigade  headquarters,  therefore, 
IS  a  tactical  control  element  and  its  capability 
of  conducting  military  operations  is  bounded 
only  by  the  type  and  number  of  maneuver 
elements,  support  elements,  and  other  re¬ 
sources  provided  by  the  division  to  which  it 
IS  subordinate.  These  resources  would  be 
provided  in  a  mix  appropriate  to  the  mission 
to  be  accomplished 

To  form  a  division  we  add  to  a  common 
base,  battalions  of  infantry,  airborne  infantry, 
mechanized  infantry,  light  tanks,  and  tanks, 
in  an  appropriate  mix.  In  the  type  infantry 
division  there  are  8  infantry  and  2  tank 
battalions,  in  the  airborne  dmsion  there  are 
9  airborne  infantry  and  1  light  tank  battalion; 
in  the  type  mechanized  division,  7  mechanized 
infantry  and  3  tank  battalions.  All  three 
types  of  Infantry  battalions  have  the  same 
basic  structure.  Regardless  of  how  they  get 
there,  when  these  various  units  get  to  the 
objective  area  they  fight  alike.  We  have  a 
One  Infantry  concept. 

Now*  that  we  have  looked  at  the  divisional 
organization  we  are  ready  to  examine  the 
infantry  units  of  this  combined  arms  team. 
Since  man  i$  the  basic  element  of  any  or¬ 
ganization  let’s  begin  by  examining  the  fight¬ 
ing  heart  of  our  Service— the  rifle  squad. 
The  sqi.ad  leader  and  his  men  have  m  the  two 
fire  teams  two  modified  M14  rifles  of  high 


cyclic  rate  of  fire  and  two  40mm  grenade 
launchers  w.th  a  400  meter  range  plus  six 
rifles. 

There  are  three  rifle  squads  organic  to 
all  rifle  platoons.  We  fight  b>  fire  and 
maneuver  so  to  give  these  maneuver  squads 
fire  support,  each  rifle  platoon  is  provided 
with  a  weapons  squad.  This  is  an  11-man 
organization  armed  with  two  M60  machine- 
guns  and  two  short  range  90mm  rccoilless 
antitank  rifles,  the  successor  to  the  bazooka. 
The  mecharazed  infantry  rifle  and  weapons 
squads  are  each  provided  a  personnel  carrier. 
By  combining  the  three  rifle  squads,  a  weap¬ 
ons  squad  and  a  control  headquarters,  the 
rifle  platoon  is  formed. 

To  give  rifle  platoons  additional  fire 
support,  a  weapons  platoon  is  provided.  It  is 
organized  with  a  platoon  headquarters,  a 
section  of  three  8 1mm  mortars,  and  an 
antitank  section  w»th  two  106mm  rccoilless 
rifles.  By  combining  the  3  rifle  platoons,  a 
weapons  platoon  and  company  headquarters, 
the  rifle  company  is  formed.  The  company 
headquarters  is  organized  into  a  headquarters 
section,  >  ground  surveillance  section  and  in 
the  mechanized  infantry  a  maintenance  sec¬ 
tion  The  ground  surveillance  section  con¬ 
tains  two  portable  short  range  all  weather 
radars,  with  line-of- sight  ranges  up  to  6,000 
meters  Commanded  by  an  infantry  captain, 
the  rifle  comprny  is  the  maneuver  element 
of  the  infantry  battalion.  From  the  rifle 
company  we  will  proceed  to  the  battalion. 

To  assist  the  battalion  commander  and 
provide  support  to  the  rifle  compajiies,  we 
have  the  headquarters  and  headquarters  com¬ 
pany  of  the  battalion.  The  battalion  ground 
surveillance  section  consists  of  two  medium 
range  radars,  with  hne-of-sight  ranges  upto 
18, 200  meters.  The  communication  platoon 
assists  the  battalion  commander  by  providing 
radio,  wire  and  message  center  service.  An 
air  control  team  is  assigned  to  this  platoon. 
The  support  platoon  provides  the  battalion 
logistical  Support  with  its  transportation, 
supply  and  mess  sections.  The  maintenance 
platoon providesthe necessary  second  echelon 
maintenance  for  vehicles  within  the  battalion. 
The  medical  platoon  provides  treatment  and 
is  equipped  with  6  front  line  ambulances  to 
provide  for  evacuation  of  casualties.  The 
battalion  commander's  reconnaissance  ele¬ 
ment  is  the  armored  cavalry  platoon.  For 
fire  support,  the  battalion  mortar  and  Davy 
Crockett  platoon  has  4  mortar  squads  with 
4.2  mortars  having  a  range  of  5,425  meters. 
It  also  has  a  nuclear  capable  light  2000 
meter  range  Davy  Crockett  and  two  heavy 
4000  meter  range  Davy  Crockett  weapons. 
The  antitank  platoon  has  three  wire  guided 
ENTAC  missile  launchers  mounted  on  4  ton 
trucks. 

The  headquarters  and  headquarters  com¬ 
pany,  and  the  three  rifle  companies  make  up 
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the  Infantrv,  Airborne  Infantry  and  Mech¬ 
anized  Infantry  Battalions.  You  will  recall 
that  each  t/pe  division  contained  oneormore 
tank  battalions.  Our  tank  battalions  are 
also  organized  with  Headquarters  Company 
and  three  fighting  companies— in  this  case 
tank  companies  with  17  tanks.  You  know  our 
mission  and  our  new  organization.  Now 
let  us  see  what  is  expected  of  cur  Infantry 
battalions  in  combat. 

In  a  war  against  a  major  power  employ¬ 
ing  regular  forces  the  tactical  employment 
of  our  infantry  battalions,  our  basic  tactical 
units,  may  be  described  under  the  general 
categories  of  offense  and  defense.  As  we 
discuss  the  tactical  doctrine  of  the  United 
States  Infantry,  it  is  well  to  remember  that 
Soviet  tactical  doctrine alsoemphasisesfire- 
power  and  mobility.  The  Soviets  apparently 
are  prepared  for  tactical  nuclear  warfare. 
They  arc  attempting  to  mechanize  nearly 
everything  that  fights  and  at  the  same  time 
they  are  stressing  air  mobility.  This  threat 
we  must  be  able  to  counter  if  war  were 
thrust  upon  us. 

In  the  offense  the  battalion  may  be  em¬ 
ployed  in  a  movement  to  contact,  as  the 
covering  force,  advance  guard,  flank  guard, 
rear  guard,  or  it  may  move  as  part  of  the 
mum  body.  When  contact  is  made  the 
battalion  may  be  all  or  part  of  the  main  at¬ 
tack  of  a  brigade,  the  supporting  attack  or  the 
brigade  reserve.  In  the  attack  of  an  enemy 
position,  the  battalion  may  conduct  a  ground 
envelopment  or  an  aerial  envelopment.  It 
may  ‘also  participate  in  a  penetration  where 
we  pierce  a  soft  spot  in  the  enemy  lines,  to 
seize  a  deep  objective  and  dmde  the  enemy 
forces.  In  conducting  an  envelopment  or 
penetration  the  battalion  may  employ  in¬ 
filtration  techniquef. 

The  missions  assigned  to  the  battalion 
and  the  method  of  employment  will  vary  with 
the  mission  and  organization  of  the  brigade 
to  which  attached.  For  example,  a  mech¬ 
anized  infantry  battalion  in  an  armored  di¬ 
vision  will  normally  be  employed  to  support 
the  advance  of  tank  elements,  whereas  m  an 
infantry,  airborne,  or  mechanized  division, 
the  tanks  will  normally  be  used  to  support  the 
advance  of  infantry  elements.  However,  all 
commanders  must  gear  their  actions  to  the 
mission  of  the  higher  headquarters,  and  not  be 
reduced  to  thinking  in  terms  of  one  particular 
type  wj  operation  or  one  form  of  mobility.  In 
the  defense,  as  in  the  offense,  the  battalion 
when  operating  attached  to  a  brigade  may 
receive  additional  combat  power  through  the 
attachment  of  rifle,  tank,  or  armored  cavalry 
units. 

The  battalion  may  be  employed  inanyone 
of  three  echelons  of  defense.  It  may  be 
employed  in  the  security  echelon,  in  the 
forward  defense  echelon,  or  in  the  reserve 
echelon.  At  times  the  battalion  may  be  em¬ 
ployed  as  all  or  part  of  the  covering  force 


of  a  higher  headquirters,  or  a  rear  area 
security  force. 

When  the  battalion  conducts  the  area 
defense  as  part  oi  a  brigade,  u  organizes  its 
defense  oriented  toward  the  retention  of 
specific  terrain.  Forward  positions  are 
strongly  organized  and  emphasis  is  placed 
on  stopping  the  enemy  forward  of  the  battle 
area,  with  penetrations  destroyed  or  ejected 
by  counterattack  and  the  control  of  the  for¬ 
ward  defense  area  regained. 

Our  tactics  also  envisage  the  conduct  of  a 
mobile  defense  by  our  corps  and  divisions. 
This  IS  a  more  fluid  form  of  defense  wherein 
mmimum  forces  are  employed  in  the  forward 
area  and  the  retention  of  specific  terrain  is 
subordinate  to  the  execution  of  counterattacks 
by  strong  mobile  reserves.  Whenthe  battalion 
participates  ir.  the  mobile  defense,  the  pri¬ 
mary  differences  are  that  the  forward  bat¬ 
talions  will  often  conduct  delaying  actions 
while  a  greater  number  of  battalions  will  be 
involved  in  the  counterattacks  of  the  division 
reserve. 

Although  1  began  my  discussion  of  tacti¬ 
cal  operations  with  what  you  might  call  the 
traditional  type  of  war,  the  Infantry  is  well 
aware  of  the  threat  posed  by  communist 
inspired  insurgency  movemems.  We  are 
leaving  no  stone  unturned  in  our  efforts  to 
trAin  our  men  to  fight  guerrillas.  Of  course, 
in  counterinsurgency  operations  we  recognize 
that  counterguerrilla  tactical  operations  are 
only  one  aspect  of  the  problem.  Concurrently, 
certam  policies  must  be  implemented  at  the 
governmental  level  of  the  country  involved 
aimed  at  eliminating  the  causes  for  the 
growth  of  discontent  with  resultant  communist 
exploitation.  The  small  unit  commander 
must  be  knowledgeable  of  the  overall  pro¬ 
grams  designed  toaceomplish these  political/ 
economic  aims  and  the  role  of  his  unit  in 
their  implementation. 

Even  the  rifle  company  commander  is  a 
strategist  in  this  type  war  where  the  best 
strategy  for  one  locale  will  differ  from  that 
of  another  not  only  because  of  the  guerrilla 
strength  and  type  terrain  present  but  also 
due  to  the  density  of  the  civilian  populations 
and  their  varying  attitudes,  political  tradi¬ 
tions,  and  economic  environments.  Adapting 
to  the  location  situation  is  essential  for  a 
unit  both  prior  to  and  during  counterguerrilla 
operations. 

Here  is  how  we  are  teaching  that  an  In¬ 
fantry  brigade  might  be  involved  ina  specific 
counterguerrilla  situation.  Visualize,  if  you 
will,  that  a  certain  area  is  under  effective 
control  of  the  hostile  guerrilla  force;  and  that 
an  adjacent  area  is  underthe  effective  control 
of  neither  combatant  except  for  small  areas 
occupied  by  troops  or  civil  defense  elements. 
In  order  to  simplify  this  tactical  example  we 
will  assume  that  the  civilian  population  is 
sparse  and  is  largely  apathetic  or  friendly  to 
our  cause.  The  brigade  commander  places 
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the  majority  of  his  combat  power  in  the  area 
v'hcre  the  guerrillas  must  be  located  and 
destroyed  In  the  adjacent  area*  the  com* 
mander  feels  that  the  mam  effort  will  be 
directed  to  civic  assistance  and  police  op* 
erations  including  the  security  of  installa* 
tions*  communities  and  lines  of  communica* 
tion  as  well  as  population  control. 

Companies  and  larger  units  are  assigned 
definite  sectors  of  responsibility  xn  the 
guerrilla  dominated  area*  and  a  priority  for 
clearance  of  sectors  or  subsectors  is  es¬ 
tablished.  Now  the  guerrilla  force  must  be 
located.  First  we  would  prefer  that  our 
clandestine  intelligence  effort  be  good  enough 
to  find  the  guerrillas— and  we  will  certainly 
strive  for  such  efficiency  but  we  cannot 
realistically  expect  such  results.  Sowemuat 
also  employ  continuous  aerial  surveillance* 
patrols*  ambushes  and  hunter/killer  teams. 
A  high  priority  is  given  to  locating  the 
guerrillas  outside  sources  of  supply  and 
shutting  them  off. 

Within  its  sector,  each  company  main¬ 
tains  a  reaeVon  force  of  a  platoon  at  its 
combat  base,  the  battalion  two  platoons  and 
the  brigade  a  battalion  task  force.  These 
forces  must  have  priority  for  useofallArmy 
transport  aircraft.  When  a  guerrilla  force 
is  located,  one  or  more  of  these  reaction 
units  IS  moved  immediately  to  the  area  to 
finish  off  the  enemy.  When  possible*  an  en¬ 
circlement  IS  effected,  if  time  or  forces  are* 
insufficient  a  pursuit  is  launched.  The  key 
IS  rapid  violent  reaction  with  adequate  com* 
bat  power  to  destroy  the  guerrilla  element. 
This  IS  a  pre*eminently  infantry  effort  where* 
in  the  entire*  massive  effects  of  the  other 
arms  and  services  can  rarely  be  brought  to 
bear. 

This  has  been  a  brief  and  over-simphfied 
visualization  of  counterguerrilla  tactics. 
Once  the  local  strategy  is  determined  we  find 
that  while  the  tactical  principles  for  conven¬ 
tional  operations  have  a  general  validity* 
their  application  against  an  irregular  enemy 
with  little  interest  in  the  securing  or  re¬ 
tention  of  terrain  differs  markedly.  But,  we 
are  sure  that  a  rifle  squad  or  platoon  trained 
to  defeat  guerrillas  will  have  no  equal  on 
any  other  battlefield. 

Here  are  the  primary  areas  which  we  be¬ 
lieve  will  require  increased  emphasis  in 
counterguerrilla  operations; 

(1)  Training  motivation  of  troops  and 
tailoring  of  TOE  units  for  the  specific  mis¬ 
sion  to  be  accomplished, 

(2)  Continuous  and  accurate  intelli¬ 
gence. 

(3)  Detailed  planning  of  small-scale 
decentralized  tactical  operations. 

(4)  Continuous  orientation  of  the  op¬ 
eration  on  the  separation  of  the  guerrilla 
forces  from  support  and  supplies*  on  the 
destruction  of  the  enemy  guerrilla  force* 


and  on  the  removal  of  the  primary  cause  of 
the  resistance  movement. 

(5)  Gaming  and  mamtaimug  a  mobility 
differential  over  the  enemyprimarilythrougb 
the  use  of  airmobile  and  airborne  forces. 

(6)  Provision  of  civic  assistance  to 
ayid  effective  control  over  the  civilian  pop¬ 
ulation. 

Having  discussed  our  Infantry  mission, 
organization  and  tactics,  you  are  doubtless 
interested  in  our  ability  to doallthese things, 
particularly  from  the  standpoint  of  our  equi]^- 
ment.  When  we  examine  the  Infantryman  s 
weapons,  we  find  some  good  areas  and  some 
areas  where  we  have  failed  to  provide  ade¬ 
quate  means.  First  of  all.  we  are  generally 
satisfied  with  the  M14  rifle,  M60  machine- 
gun,  and  the  M79  grenade  launcher.  These 
are  excellent  weapons  providing  a  good 
close-in  firing  capability. 

Only  in  one  area  in  the  small  caliber 
field  do  we  have  a  serious  deficiency.  The 
caliber  .50  machinegun  does  not  meet  the 
Infantryman's  requirement  for  a  mounted 
automatic  weapon.  What  we  need,  of  course, 
is  a  simple  and  somewhat  larger  caliber 
machinegun  which  is  effective  at  long  ranges 
agamst  materiel,  personnel  and  air  targets. 
It  18  hoped  that  one  of  the  20mm  systems  now 
being  tested  may  at  least  partially  answer 
these  requirements. 

In  the  antitank  field  we  find  one  of  our 
most  notable  deficiencies.  We  have  a  good 
weapon  -  the  LAW,  effective  at  ranges  up  to 
250  meters.  It  is  packed  in  a  telescoping 
tube  which  is  both  a  packing  case  and  a 
"throw-dway"  launcher.  It  is  carried  bythe 
troops  when  required  and  we  are  satisfied 
with  its  capabilities. 

The  same  cannot  be  said  of  our  medium 
and  heavy  antitank  weapons.  The  M&7*  90mm 
recoilless  rifle  is  our  current  platoon  level 
weapon.  Unfortunately,  it  needs  too  many 
people  to  carry  it  with  the  required  ammuni¬ 
tion,  and  its  range  is  too  short.  We  need  a 
platoon  weapon  a  soldier  can  carry  with  him 
wherever  he  goes  and  use  it  to  kill  a  tank  at 
ranges  up  to  1000  meters. 

The  current  heavy  antitank/assault  weap- 
on  for  the  rifle  company  is  the  106  mm  re¬ 
coilless  rifle  which  is  not  hand- portable. 
The  ENTAC,  our  current  battalion-level 
weapon,  is  a  wire  guided  missile.  It  offers 
improved  accuracy  over  recoilless  system*! 
at  the  longer  ranges,  however,  poor  per¬ 
formance  in  the  assault  role,  slow  rate  of 
fire*  expensive  gunner  training*  and  poten¬ 
tially  degraded  performance  in  a  battle  en¬ 
vironment  make  it  undesirable.  What  we 
need  at  battalion  level  is  a  heavy  antitank/ 
assault  weapon  which  can  deliver  accurate 
fire  against  a  variety  of  targets  at  all  ranges 
to  2000  meters  and  which  does  not  exceed 
200  pounds  in  weight.  Our  Infantry  anti¬ 
tank  weapons  must  be  oriented  towards  the 
offense  and  this  requires  mobility. 
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When  y  e  examine  the  organic  indirect  fire 
support  provided  to  the  doughboy  wrc  find  that 
the  8imm  mortar  in  the  rifle  company  and 
the  4  I  mortar  atbattalionarebothexcellent 
weapons.  Additionally,  development  is  pro¬ 
ceeding  on  improved,  lighter  models  with  an 
increased  range  capability. 

Th"  Davy  Crockett  is,  of  course,  a  rela¬ 
tively  new  weapon  for  the  doughboy.  Although 
the  Davy  Crockett  does  add  a  nuclear  di¬ 
mension  to  the  Infantryman’s  firepower,  the 
weapon  does  have  several  disadvantages,  in¬ 
cluding  the  signature'  effect,  lack  of  crew 
portability,  and  limited  range  and  yields. 

When  we  lookattheinfantryman'sorgamc 
air  defense  weapons,  we  find  that  they  are 
totally  inadequate  At  present  he  has  only 
his  ground  weapons  and  tne  caliber  .50 
machinegun.  The  Redeye  has  beendeveloped 
to  provide  an  active  air  defense  capability 
to  the  Infantryman,  however,  this  weapon  is 
still  undergoing  tests  and  may  not  be  in  the 
hands  of  combat  units  for  sometime. 

There  is  one  other  type  weapon  available 
for  Infantry  support  which  deserves  mention. 
This  is  the  armed  helicopter  which  we  find 
organic  to  the  ROAD  division.  This  weapon 
system  includes  the  use  of  either  machine- 
guns.  rockets,  or  antitank  guided  missiles 
mou.  ted  on  utility  helicopters.  It  is  antici¬ 
pated  that  the  airborne  weapon  system  will  be 
particularly  effective  against  tanks,  APC's, 
personnel,  bunkers,  and  other  similar  tai- 
gets.  However,  it  should  be  remembered 
these  aerial  weapons  platforms  are  not  a 
substitute  lor  and  do  not  duplicate  the  close 
support  aircraft  required  from  other  sources. 

In  summary,  the  Infantryman  has  good 
small  arms,  an  excellent  close  in  antitank 
weapon  and  indirect  fire  weapons  in  the  in¬ 
ventory  or  under  development  which  meet 
present  and  future  requirements.  An  ef¬ 
fective  large  caliber  machinegun,  organic  air 
defense  weapons  plus  medium  and  long  range 
antitank  weapons  are  not  now  available.  Our 
weapons  development  program  needs  em¬ 
phasis  in  these  areas,  and  for  the  Infantry¬ 
man,  we  feel  that  the  human  factors  engineer¬ 
ing  aspects  play  a  key  role. 

Let  us  now  consider  the  Infantryman’s 
ability  to  move;  first,  by  foot.  Withall  of  his 
equipment  our  soldier  is  loaded  with  over 
90  pounds  of  clothing  and  equipment.  He  is 
not  very  mobile.  Unfortunately  all  of  hi> 
gear  .*•  essential  in  some  phase  of  his  combat 
operation  and  it  or  its  equivalent  must  be 
available  to  the  Infantryman  This  is  one 
area  -  lightening  the  load  an'*  still  providing 
the  needed  items  •  where  a  real  break¬ 
through  in  equipment  and  support  techniques 
is  needed.  We  are  hoping  you  can  assist  us 
here. 

When  we  speak  of  lightening  thelraantry- 
man’s  load,  this  inevitably  brings  as  to  the 
subject  of  ground  vehicles.  Certainly  one  way 
of  lightening  the  doughboy’s  load,  as  well  as 


allowing  him  to  move  rapidly  on  the  battle¬ 
field  IS  to  provide  hii.i  with  a  vehicle  which 
will  carry  his  crew  served  weapons,  am- 
niunition,  and  supplies  wherever  he  must  go 
including  swamps,  moiintains,  jungle,  and 
other  difficult  areas.  V/hen  you  objectively 
examine  our  present  and  future  ground  ve¬ 
hicle  inventory,  you  can  see  why  we  are  far 
short  of  our  goal.  Our  wheeled  vehicles 
are  little  better  than'  those  we  had  ten  or 
f.fteen  years  ago.  They  are  bigger,  heavier, 
more  difficult  to  maintain,  cost  more,  and 
consume  more  gas.  And  their  capabilities 
have  not  increased  proportionately.  We  are 
still  quite  roadbound  with  our  wheeled  ve¬ 
hicles 

Although  our  tracked  vehicles  have 
greater  cross-country  mobility,  their  log¬ 
istical  support  IS  still  dependent  on  wheeled 
vehicles.  Even  our  tracked  cross-country 
mobility  is  not  all  that  it  should  be.  The 
armored  personnel  carriers  and  tracked 
reconnaissance  vehicles  have  been  armored 
at  the  expense  of  reduced  maneuverability  and 
increased  gasoline  consumption.  Protection 
should  be  considered  only  after  the  required 
mobility  has  been  achieved. 

In  summary,  we  are  far  from  satisfied 
with  current  or  proposed  ground  vehicles. 
Their  complexity  and  gasoline  consumption 
places  a  heavy  maintenance  and  supply  bur¬ 
den  on  our  combat  forces,  while  their  use  is 
restricted  in  far  too  many  potential  battle 
areas.  What  we  need  is  a  simple,  durable, 
lightweight  economical  vehicle— tracked, 
wheeled  or  zero  ground  pressure— which  can 
move  the  Infantryman  and  his  equipment  to 
the  final  objective  in  any  part  of  the  world  • 
truly  multicapable. 

In  the  field  cf  air  mobility  we  are  some¬ 
what  better  of'  We  are  generally  satisfied 
with  the  of  helicopters  programmed  to 

be  availab’tf  in  the  Infantry  division*  however, 
in  numbers,  there  is  room  for  improvement. 
Lookin',  to  the  future  we  hope  to  see  an  in- 
creas'  in  the  lift  capability  particularly 
with'A  the  Infantry  division  to  improve  its 
pot.ntial  for  airmobile  operations.  In  ad- 
di'.ion,  we  see  a  long  range  requirement  for 
}  icreased  airborne  fire  support.  In  the 
overall  picture  we  expect  Army  aviation  to 
play  an  increasingly  important  role  in  future 
operations. 

.\  thoughtful  look  at  our  Infantry  com¬ 
munications  equipment  leads  to  some  un¬ 
comfortable  but  inescapable  conclusions  We 
are  able  to  communicate  with  a  man  in  orbit 
around  the  world;  yet  we  have  not  equipped 
our  leaders  in  rifle  companies  with  the  much 
less  sophisticated  radios  they  require  to  ex¬ 
ercise  effective  control  of  their  men.  The 
rifle  company  commander,  who  must  be 
ready  to  direct  his  unit  in  dismounted  op¬ 
erations,  no  matter  what  the  terrain,  lacks  a 
radio  that  can  meet  his  needs  with  respeetto 
range,  reliability  and  size.  Although  the  new 
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family  cf  radios,  now  m  a  drawn-out  dis¬ 
tribution  phase,  doubles  the  range  and  re¬ 
duces  the  bulk  in  Infantry  vehicular  radio 
sets,  this  family  constitutes  no  significant 
improvement  in  range  or  weight  in  the  man 
poriable  models  necessary  for  Infantry  com¬ 
pany  operations.  Perhaps  single  sideband 
equipment  more  contemporary  to  that  widely 
employed  by  business  and  “ham”  operators 
will  answer  the  Army's  needs.  But  at  present, 
one  cannot  avoid  the  conclusion  that  current 
Infantry  communications  equipment,  as  well 
as  some  of  that  now  scheduled  for  proouction 
falls  significantly  short  of  the  state  of  the 
art. 

Turning  to  the  electronics  field,  in  any 
Infantry  surveillance  device  we  require  ac¬ 
curacy,  durability,  light  weight,  an  IFF 
capability,  simplicity  of  operation,  and  maxi¬ 
mum  possible  immunity  to  £CM  and  weather 
extremes.  In  addition,  our  systems  should 
overcome  the  limitations  of  Ime-of-sight 
surve.llance  and  the  power  sources  for 
surveillance  equipment  should  be  standard¬ 
ized  and  simplified.  The  short  range  radar 
currently  organic  to  the  rifle  company  is 
rated  as  having  the  ability  to  detect  a  walk¬ 
ing  man  up  to  a  range  of  ISOO  meters  and 
moving  vehicles  up  to  a  range  6000  meters. 
However,  this  equipment  is  heavy,  complex 
and  quite  fragile.  Additional  limitations  are 
that  It  produces  excessive  operator  fatigue 
and  provides  line-of-sight  coverage  only. 
The  medium  range  radar  organic  to  the 
battalion  can  detect  to  a  range  of4400  meters 
and  moving  vehicles  uo  to  a  range  of  18200 
meters.  However,  it  also  is  heavy,  com¬ 
plex  and  fragile.  In  summary,  we  have 
made  just  enough  progress  in  the  develop¬ 
ment  and  employment  of  Infantry  surveil¬ 
lance  equipment  to  whet  our  appetite  with 
regard  to  its  potential. 

To  review  our  position,  we  are  generally 
enthusiastic  about  the  muUicapability  en¬ 
visaged  'onder  the  ROAD  organisational  con¬ 
cept.  However,  we  believe  that,  not  only  are 
we  faced  with  certain  deficiencies  in  our 
weapons  and  other  hardware  which  must  be 
overcome,  but  that  certain  problems  stiU 
remain  to  be  solved  with  regard  to  our  or¬ 
ganisational  structures. 

From  our  discussion  to  this  point  1  am 
sure  it  IS  apparent  to  you  that  we  accomplish 
our  missions  by  fire  and  movement;  and  for 
this  to  be  efficient  and  effective  it  must  be 
controlled,  and  directed  towards  decisive 
points,  which  requires  enemy  information. 
Also. any  unit,  from  squad  to  field  army,  re¬ 
quires  enemy  information.  Also  any  unit, 
from  squad  to  field  army,  requires  adminis¬ 
trative  support  to  accomplish  this  objective 
and  certaiidy  Infantry  units  require  a  lot  of 
combat  support.  Finally,  all  of  these  func¬ 
tions  require  trained  individuals  and  units. 
Therefore,  we  operate  on  the  premise  that 
fire  and  movement  are  the  basic  elements 


of  battle  and  that  their  application  requires 
the  other  four— control,  information,  support 
and  training.  They  are  the  basic  ingredients 
which  must  determine  our  operational  con¬ 
cepts.  When  their  relationship  changes  so 
should  our  concepts  which  we  express  in 
organization  and  doctrine.  A  material  in¬ 
crease  in  the  effectiveness  of  anyone  ofthem 
will  not  alter  cur  concept  when  it  is  con¬ 
sidered  by  itself.  On  the  other  hand,  such  a 
change  should  cause  us  to  examine  our  cur¬ 
rent  docirine  and  organization  with  a  view 
to  developing  new  concepts  which  would  then 
be  reflected  in  modified  organization  and 
doctrine.  Or  in  other  words,  have  we  re¬ 
lated  the  use  of  ttiese  basic  elements  to  each 
other  in  such  a  way  as  to  best  accomplish 
our  objective^ 

Obviously,  they  should  be  m  balance  with 
each  other,  and  no  gaps  should  exist  m  any 
one  of  them.  When  they  are  out  of  balance 
and  gaps  do  occur,  our  materiel  develop¬ 
ment  program  should  then  be  directed  to¬ 
wards  filling  such  gaps,  and  to  bringing  them 
back  into  balance.  However,  such  program¬ 
ming  should  be  done  in  conjunction  with  our 
examination  of  doctrine  and  organization;  or 
else  we  will  never  develop  really  new  con¬ 
cepts.  With  these  points  in  view,  we  con¬ 
tinually  study  the  SIX  so-called  ingredients. 
Today  the  obvious  conclusion  ts  that  fire¬ 
power  is  greatly  out-of-balance  with  control, 
mobility,  and  our  means  of  acquiring  enem / 
information. 

At  the  present  time,  we  are  not  able  to 
control  all  of  our  available  conventional  fire¬ 
power,  much  less  the  nuclear.  We  also  lack 
the  tactical  mobility  to  exploit  its  effects,  and, 
in  the  case  of  Infantry  firepower,  adequate 
means  to  move  it.  And  everyone  will  agree 
that  our  surveillance  and  intelligence  system 
IS  far  from  being  able  to  provide  us  with 
adequate  target  acquitition.  '^et,  even  with 
the  devastating  firepower  represented  by 
today's  warheads  and  improved  munitions, 
we  still  find  one  critical  gap  in  the  antitank 
weapons  field. 

In  the  ROAD  division  organization  great 
strides  have  been  made  in  capabilities  in  the 
field  of  administrative,  logistics  and  combat 
support  but  little  has  been  done  to  make  it 
responsive  to  the  user.  This  is  because  the 
user  has  too  little  means  to  ask  for  it;  while 
too  often  the  provider  has  no  rapid  way  to 
deliver  it.  So  again,  the  need  to  beef  up 
mobility  and  control  to  bring  them  into  balance 
with  support  capability,  particularly  ad¬ 
ministrative,  becomes  apparent. 

Finally  with  respect  to  training  we  feel 
that  our  methods  are  sound  but  that  we  must 
continually  Icok  for  ways  to  get  maximum 
participation  ;in  realistic  training  oriented 
towards  the  battlefield  rather  than  our  gar¬ 
rison  posts. 

Therefore,  we  conclude  that  our  major 
problems  (where  we  believe  Human  factors 
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engineers  may  be  able  to  help  us)  are  to 
increase  our  means  of  mobility,  to  make 
more  effective  our  control— which  in  hard¬ 
ware  IS  represented  by  communications,  to 
seek  better  ways  to  get  information  about  the 
enemy,  to  close  the  gap  in  antitank  weapons, 
to  make  combat  and  administrative  support 
more  ’esponsive,  and,  finally,  to  improve 
traijung  We  are  working  hard  to  find  the 
answer's  and,  tonight,  General  Harrell  will 
describe  for  you  some  proposed  solutions 
Over  the  past  hour  we  have  taken  a  close 
look  at  the  Infantryman  his  organisation, 
weapons,  equipment  and  doctrine.  We  have 
pointed  to  his  needs  for  improved  antitank 


means,  air  defense  weapons,  mobility,  com¬ 
munications  and  elect. onic  equipment.  We 
have  also  looked  the  doctrinal  and  or¬ 
ganisational  arcis  where  problems  exist 
which  when  solved  will  maximise  the  capa¬ 
bilities  of  the  ROAD  divisions. 

However,  I  most  emphatically  do  not 
wish  to  undermme  your  confidence  in  the 
current  combat  capability  ofthe Infantryman. 
He  IS  ready,  willing  and  able  to  move  quickly 
to  any  part  of  the  world  to  fight  any  type  of 
war  at  any  time.  He  can  be  counted  on  to  do 
his  job  as  a  part  of  the  combined  arms  team 
of  your  Army  living  up  to  his  proud  tradition 
as  a  prime  defender  of  this  nation. 
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E.  BANQUET  ADDRESS  by  Major  General  Ben  Harrell,  Commanding  General,  The  U.  S.  Army 
Infantry  School,  Fort  Benning,  Georgia 


Dr.  Baker,  General  Daley,  distinguished 
members  of  the  Eighth  Annual  Human  Fac¬ 
tors  Engineering  Conference.  When  General 
Beach  asked  me  to  appear  before  you  tonight, 
I  ecognized  at  once  that  your  theme  for  the 
C  enf  e  r  e  nc  e— the  Infantryman.— and  this 
group’s  dedication  toward  improving  his  ef¬ 
fectiveness,  created  an  opportunity  to  be 
heard  that  the  Commandant  of  The  Infantry 
School  could  scarcely  pass  up.  With  this  in 
mind.  I  set  about  preparing  my  remarks 

I  am  delighted  to  have  the  opportunity  to 
discuss  some  of  our  Infantry  problems  with 
such  a  highly  qualified  audience.  We  at  Fort 
Benmng  have  a  great  deal  tn  common  with 
this  group.  You  are  concerned  with  the  ap¬ 
plication  of  scientific  prmciples  concerning 
human  physical  and  psychological  character¬ 
istics  to  the  design  of  equipment.  You 
strive  to  increase  speed  and  precision  of 
operations,  to  providemaximummaintenance 
efficiency,  to  reduce  fatigue,  and  to  simplify 
lequirements.  Success  in  this  area  makes  a 
great  contribution  to  thq  combat  effective¬ 
ness  of  the  individual  soldier.  Our  mission 
as  professional  soldiers  of  the  combat  arms 
.s  an  extension  of  your  task.  V/t  must  shape 
the  soldier  and  his  weapons  and  equipment 
into  combat  units  which  will  win  on  the  battle¬ 
field.  In  the  final  analysis,  we  are  both 
vitally  interested  in  the  performance  of  the 
individual  soldier. 

1  realize,  of  course,  that  the  combat  ef¬ 
fectiveness  of  our  Army  is  reflected  in  the 
Sum  tctal  of  our  country’s  resources  for 
national  security  and  m  the  way  these  re* 
sources  are  distributed  and  brought  to  bear 
on  the  task  at  hand.  Schematically— we  might 
indicate  our  military  power  this  way.  Ob¬ 
viously,  our  potential  depends  on  our  ability 
to  produce  more  than  that  required  to  sustain 
our  people.  And,  then,  after  reaching  this 
production  goal,  there  must  be  some  per¬ 
sonnel  left  to  man  our  Armed  Forces.  We 
would  hope  that  our  production  base  and  our 
Armed  Forces  would  be  in  balance  as  to 
their  capabilities  and  size.  I  don’t  neces¬ 
sarily  mean  that  the  entire  effort  of  the  Navy 
and  the  Air  Force  is  in  a  supporting  role, 
but  no  one  would  deny  that  the  Army  does 
require  their  support.  Finally,  I  have  divided 
t’.i9  Army  into  the  basic  maneuver  elements 
which  are  charged  with  seizing,  holding,  and 
controlling  a  piece  of  ground,  and  the  ele¬ 
ments,  both  combat  and  administrative,  which 
support  them.  X  have  not  intentionally  omitted 
our  respected  friends,  the  Marines.  They 
fall  in  the  same  category  as  does  the  Army. 

!  should  like  to  think  that  all  of  these 
elements  are  in  perfect  balance— that  *ve 
have  distributed  our  resources  in  such  away 
that  when  each  element  is  one  hundred  per¬ 


cent  effective,  then  their  sum,  our  total 
power,  would  also  be  one  hundred  percent 
effective.  Certainly,  we  don't  want  some 
elements  to  have  a  greater  effectiveness 
than  required  while  others  fall  short.  This 
is  a  problsni  for  our  masters  m  Washington. 
But  I  ^  believe  that  we  must  l-ave  toothing 
undone  to  make  our  part,  the  frontline  soldier, 
as  effective  as  possible. 

The  experiences  of  World  War  11  and 
Korea  leave  no  doubt  that  our  combat  units 
were  not  nearly  as  effective  as  they  should 
have  been,  particularly  whenVe  consider  the 
high  caliber  of  men  and  equipment  found  in 
them.  As  indicated— according  to  many  ex¬ 
perts— their  combat  effectiveness  in  World 
War  n  and  in  the  Korean  War  probably  did 
not  exceed  twenty  percent  of  their  fullpoten- 
ti<il.  The  figure  of  twenty  percent  itself  is 
not  important— what  is  important  is  that  our 
combat  units  have  never  been  as  effective 
as  they  can  and  should  be.  Also,  1  am  certain 
that  the  effectiveness  of  our  combat  units 
was  considerably  less  than  that  of  the  other 
elements  behind  them,  both  the  administra¬ 
tive  and  combat  support  units  of  the  army, 
as  well  as  the  other  elements  of  national 
power  shown  on  my  chart.  X  am  sure  we  will 
all  agree  that  when  these  maneuver  elements 
are  in  a  position  on  the  ground  to  control  it 
and  its  people,  we  have  realized  the  full 
results  of  our  national  power.  Therefore,  it 
seems  ridiculous  to  spend  billions  of  dollars 
in  our  factories  and  m  the  maintenance  of 
our  defense  forces  m  order  to  support  a 
twenty  percent  effective  combat  force. 

In  my  opinion,  the  overriding  reason  we 
failed  to  realize  our  full  combat  potential 
WAS  not  due  to  the  quality  of  our  manpower, 
nor  the  lack  of  equipment,  nor  even  the  type 
of  equipment  but  rather  was  due  to  our 
failure  to  control  men  and  equipment 
properly. 

Tonight,  I  should  like  to  discuss  control 
for  a  few  minutes  and  suggest  some  aspects 
of  it  which  merit  further  study  and  investi¬ 
gation  by  interested  and  qualified  people 
such  as  yourselves.  At  the  combat  unit 
level— that  is  at  the  battalion  and  lower- 
effective  control  means  to  me  that  each 
individual  is  pulling  his  fair  load.  This  re¬ 
sults  in  our  being  able  to  place  our  fire¬ 
power  where  we  want  it,  when  we  want  it,  and 
to  move  quickly  and  decisively  to  exploit  its 
effects.  Effective  control— especially  control 
of  combat  units  on  the  battlefield— is  not 
something  which  occurs  automatically  simply 
because  we  have  good  equipment  and  good 
men.  It  is,  rather,  the  product  of  superior 
leadership,  workable  communications,  sound 
organization,  and  effective  training. 
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All  of  these  elements  axe  highly  im 
portant,  but  tonight  I  shall  confine  my  re¬ 
marks  to  the  last  two-namely,  organization 
ard  training.  By  so  doing,  I  don’t  deny  for 
one  minute  that  new  and  better  equipment 
won’t  help  tremendously  in  tne  matter  of 
control.  Exactly  the  opposite  IS  true.  This 
mon  ing.  Colonel  Short  discussed  equipment 
vnth  you  in  some  detail.  He  pointed  out 
areas  of  strength  and  weaknesses,  and  he 
cited  the  great  progress  wt  are  making  in 
mobility,  especially  air  mobility.  Increased 
mobility  alone  mases  for  much  better  con¬ 
trol;  for  example,  it  improves  our  recon¬ 
naissance  and  surveillance  capability,  which 
in  turn  makes  it  easier  to  direct  our  efforts 
with  more  precision  and  intelligence.  More¬ 
over,  greater  air  mobility  will  permit  us  to 
develop  new  operational  concepts  which  will 
no  longer  require  the  combat  soldier  to  do 
anything  or  carry  anything  on  his  back  which 
can  be  done  or  carried  for  him  by  support 
units  to  his  rear.  We  are  also  getting  some 
fine  new  communication  equipment.  The 
new  family  of  lightweight  radios  will  help 
control  immensely.  In  all  of  our  weapons 
and  equipment,  we  are  striving,  with  your 
help,  to  get  material  specifically  designed 
to  meet  the  requirement  of  the  soldier  rather 
than  trying  to  adopt  our  thinking  and  our 
men  to  match  the  equipment. 

I  don’t  have  t»me  tonight  to  taiK  about 
leadership  and  its  great  impact  on  control. 
Suffice  it  to  say  that  we  are  doing  our  best 
to  make  improvements  in  this  area.  I  am 
happy  to  say  that,  in  my  opinion,  our  army 
has  never  had  better  leaders.  This  is  par¬ 
ticularly  true  in  our  junior  officer  ranks  and 
in  our  noncommissioned  officer  corps. 

Therefore,  recognizing  these  things,  what 
steps  should  we  take  about  our  organization 
to  improve  control'^  For  one  thing,  we 
should  look  for  oetter  ways  of  transmitting 
instructions  and  information  to  the  soldier. 
As  a  corollary  to  this,  we  must  search  for 
easier  ways  to  supervise  him.  What  I  am 
saying,  in  reality,  is  that  we  should  study 
span  of  control  and  unity  of  command— the 
two  organizational  principles  involved  here¬ 
to  see  if  they  can’t  be  improved. 

Secondly,  we  can  certainly  reduce  the 
number  of  tasks  assigned  to  the  combat  unit 
and  the  combat  soldier.  Today,  he  is  ex¬ 
pected  to  be  a  jack  of  all  trades  when  he  ob¬ 
viously  should  be  a  master  of  only  one.  We 
should  concentrate  on  homogeneous  assign¬ 
ment  and  training.  Our  new  and  imprcvc- 
equipment- if  it  is  designee  properly  and  if 
we  use  it  intelligently— can  help  in  this 
respect.  And,  as  I  noted  eurlier- relieving 
the  combat  soldier  and  th<  combat  unit  of 
admm-strative  and  support  c  hores,  will  place 
emphasis  where  emphasis  oelongs— fighting 
xn  combat  and  training  in  peace. 

Finally,  allow  me  to  talk  for  a  few 
minutes  about  training.  I  don’t  have  toprove 


to  this  audience  that  a  poorly  trained  unit 
performs  ineffectively  in  combat,  and  that 
this  adds  immeasurably  to  the  already  diffi¬ 
cult  problem  of  control.  Our  greatest  weak¬ 
nesses  in  training  do  not  lie  in  our  training 
methods,  in  our  training  facilities,  or  in  our 
training  equipment.  These  are  generally  ac¬ 
ceptable,  although  improvements  can  and 
should  be  made  wherever  possible  And 
there  is  no  shortage  of  good  officers  and 
good  noncommissioned  officers  who  know 
their  stuif  and  who  are  capable  of  conductmg 
effective  training.  Our  greatest  weakness 
lies  in  team  training. 

Can  we  really  have  an  effective  system 
that  can  be  efficiently  operated  with  highly 
trained  individuals  who  have  never  operated 
as  a  team.  The  answer  is  yes,  in  some 
areas.  This  is  poss^ible,  for  example,  where 
the  weapon  is  the  airplane  or  the  missile, 
in  which  the  system  itself  is  largely  com¬ 
posed  of  mechanical  elements  requiring 
skilled  technicians.  Here  the  problem  is 
one  of  marrying  the  individual  up  with  the 
equipment.  But  I  aon’t  think  you  can  ever 
transfer  this  type  of  training  to  ♦he  rifle 
squad,  platoon  and  company.  The  individuals 
themselves  are*  the  actual  instruments  of 
power— soldiers  seize  objectives,  defend 
critical  terrain,  and  work  together  to  provide 
their  own  fire  and  maneuver.  They  must  be 
trained  to  fight  together  as  a  team  This,  of 
course,  is  our  primary  responsibility. 

However,  it  would  be  interesting  to  have 
your  evaluation  of  how  much  more  effective 
an  Infantry  Squad  that  has  really  trained  as  a 
team  would  be  over  a  squad  .'.“t  has  just 
been  thrown  together.  Further,  it  would  be 
interesting  to  toow  how  much  team  training 
you  feel  is  actually  required  for  our  combat 
units  to  achieve  a  really  acceptable  level  of 
combat  effectivenes  i,  and  once  this  level  is 
reached,  how  much  training  you  feel  must  be 
done  to  maintain  it.  You  should  recognize, 
too,  that  our  team  losses  are  high  in  combat, 
and  such  a  study  should  include  whether  or 
rot  replacements  should  be  assigned  to  and 
trained  with  the  squad  or  team.  In  the  Army 
we  call  such  replacements,  fillers. 

I  don't  think  we  would  be  far  off  by  com¬ 
paring  our  combat  unit  to  a  football  team. 
Certainly  our  squads  should  have  the  same 
opportunity  to  develop  as  a  team  as  the 
Green  Bay  Packers  do.  I’m  sure  that  Vince 
Bombard!  wouldn’t  dream  of  taking  a  bunch 
of  players  who  have  never  seen  one  another 
before  and  put  them  together  on  Sunday 
afternoon  for  the  first  lime  no  matter  how 
proficient  they  might  be  as  individual  run¬ 
ners,  blockers,  or  tacklers.  Also,  1  can  t 
see  Lombardi  putting  in  a  man  who  has 
never  practiced  with  the  team  to  replace 
someone  '*ho  bas  been  hurt. 

My  pomt  here  is  lo  emphasize  the  im¬ 
portance  of  team  training  in  any  endeavor 
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where  tne  key  ingredient  i$  man.  THis  ap¬ 
plies  to  Iniantry  Squads  and  platoons  with 
the  same  vigor  that  it  applies  to  football 
teams.  We  of  the  Infantry  are  keenly  aware 
of  this  requirement,  but  I  should  point  out 
that  it  requires  resources  and  effort,  and 
should  be  considered  when  the  overall  dis¬ 
tribution  of  national  resources  is  made. 

In  summary,  I  am  proposmg  that  we 
give  our  organization  and  training  some  very 
careful  thought  and  study—that  we  conduct 
research  into  these  areas  to  determme 
whether  they  require  more  effort  and  re¬ 
sources  We  must  make  our  end  product— 
the  ground  combat  unit— at  least  as  effective 
as  tne  tremendous  and  costly  effort  behind 
it.  I  know  that  the  research  and  study  I  have 
suggested  may  not  fit  neatly  under  the  head¬ 


ing  of  human  factors  engineering,  but  I  can¬ 
not  help  but  think  that  this  highly  qualified 
group  could  find  ways  to  help  solve  these 
problems.  I  can  assuie  you  that  we  here  in 
the  Infantry  School  and  those  in  General 
Daley’s  Combat  Developments  Agency  here 
will  welcome  all  the  help  we  can  get.  To¬ 
morrow  you  will  see  a  number  of  demon¬ 
strations  conducted  by  personnel  of  The 
Infantry  School.  In  a  very  real  sense,  what 
you  will  see  is  the  final  eictension  of  this 
country's  powe^  -the  ground  combat  soldier 
in  action.  Gr  nd  combat  is  essentially  a 
struggle  bet  -^n  human  beings— not  ma¬ 
chines— and  1  nis  environment,  the  Infantry 
always  rules  supreme.  Anything  that  you  can 
do  to  help  the  Infantry  Soldier  mhis  difficult, 
lonely,  dirty,  and  dangerous  job  will  be 
appreciated. 
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INTRODUCTION 

'.'he  systems  approach,  including  systems 
ax.aly8is  and  system  engineering,  is  widely 
used  as  a  u&oful  modus  operandiinthedevel» 
opment  of  solutions  to  human  engineering 
problems.  For  optimal  design,  a  complete 
descriptive  model  of  the  system  is  essential. 
Such  a  model  relates  inputs,  outputs,  and  sys> 
tern  states  in  time  Design  for  the  Infan¬ 
tryman,  therefore,  requires  a  special  knowl¬ 
edge  and  understanding  of  the  miss  ‘‘s  and 
the  tasks  assigned  to  Infantryme .  during 
combat  operations. 

Since  military  systems  are  designed  to 
accomplish  missions,  the  nature  of  the  mis¬ 
sion  determines  the  nature  of  the  system 
The  Infantryman's  basic  combat  mission  is 
to  take  and  to  hold  ground.  T'lis  requires 
him  to  close  with  the  enemy  by  means  of  fire 
and  maneuver  in  order  <o  de'*  y  'ir  capture 
him  or  to  repel  his  assault  wy  fire,  close 
combat  and  counterattack.  The  natu'^e  of 
ground  combat  is  essentially  that  of  a  duel 
b'3t«een  active,  alert,  and  slulled  opponents. 
Success  demands  continuously  changing  pat¬ 
terns  of  adjustment  and  readjustment  from 
individuals  and  from  units.  Infantry  com¬ 
bat  is  thus  primarily  a  man  fimction  rather 
than  a  machine  function.  Consequently,  most 
systems  which  include  IrJantrymen  as  human 
components  are  man-ascendant  rather  than 
machine-ascendant  systems.  What  are  the 
implications  for  human  engineering  design 
for  the  Infantryman^  Since  man  is  the 
heart  of  such  systems,  it  is  vitallv  important 
to  ensure  that  weapons  and  the  equipment 
designed  for  use  by  Infantrymen  exihance 
rather  than  hamper  application  of  human 
skills  and  knowledges  to  the  successful  ac¬ 
complishment  of  ground  comba^  missions. 

Adequate  description  of  a  system  must 
include  those  operations  which  are  critical  to 
ihe  desired  outputs  of  the  system.  For  the 
Infantryman,  it  is  necessary  to  kn?w  the 
specific  performances  required  of  him  in  the 
successful  accomplishment  of  assigned  mis¬ 
sions.  Task  RIFLEMAN,  a  research  effort 
conducted  at  the  U.  S.  Army  Infantry  Human 
Research  Unit  here  at  Fort  Denning,  has 
developed  and  publisued  a  detailed  job  de¬ 
scription  in  terms  of  the  critical  combat 
skills,  knowledges,  and  performances  re¬ 
quired  of  the  Light  Weapons  Infantryman 
(LWlt  as  a  minimum  but  adequate  prepara¬ 
tion  fc7  ground  combat.  Although  prepared 
primarily  for  use  in  the  development  of 
training,  this  comprehensive  set  ofperform- 
knees  which  define  the  behavior  required  of 
the  Light  Weapons  IrJantryman  in  combat  is 
a  prime  source  of  descriptive  information 


essential  to  successful  human  engineering 
design  for  the  Infantryman. 

Traditional  human  factors  engineering 
strives  to  permit  human  bemgs  to  perform 
their  functions  most  easily  and  reliably  within 
the  performance  context  of  the  particular  sys¬ 
tem  under  study.  Theultxmatecriterionper- 
formance  context  for  systems  involving  In¬ 
fantrymen  18  that  of  actual  grov.nd  combat. 
Somehow  or  other,  the  ecology  of  Infantry 
combat  must  be  kept  in  mind  during  the  de¬ 
sign  of  weapons  and  equipment  for  the  In¬ 
fantryman  and  must  be  represented  with  all 
possible  fidelity  during  the  evaluation  of 
items  designed  for  use  by  Infantrymen. 

Task  RIFLEMAN  faced  the  problems 
involved  in  the  simulation  of  ground  combat 
conditions  in  the  course  of  a  recent  asses- 
ment  of  the  combat  proficiency  of  gradu¬ 
ates  of  the  16-week  training  program  for 
the  Light  Weapons  Infantryman.  A  realistic 
series  of  job  samples  was  incorporated  in  a 
tactical  exercise  which  provided  for  the  scor¬ 
ing  and  the  rating  of  individuals  in  terms  of 
standards  of  performance  based  upon  the 
actual  situations  and  conditions  which  pre¬ 
vailed  during  the  evaluation.  This  work, 
hopefully,  may  serve  as  a  useful  model  for 
consideration  by  human  engineers  concerned 
with  the  evaluation  of  items  designed  for  the 
Infantryman. 

First,  I  shall  describe  the  development  of 
the  combat  Job  description  and  give  you  some 
idea  of  the  scope  of  its  content.  Then  X  shall 
describe  mdetailthe  evaluation  exercise  used 
to  assess  proficiency  on  selected  critical 
combat  performances. 

INFANTRYMAN  COMBAT 
PERFORMANCES 

Eack  in  1958  Task  RIFLEMAN  set  out 
to  develop  r  Job  description  of  the  combat 
performance  requirements  to  be  met  by  the 
Light  Weapons  Infantryman  should  he  engage 
in  combat  in  1962.  TMs  description  ofmini- 
mum  requirements  was  a  necessary  prelude 
to  the  design  of  proficiency  tests  and  t> 
development  of  more  effective  training. 

Such  a  job  description  had  to  be  devel¬ 
oped  by  experts  whose  knowledge,  informa ' 
tion,  and  body  of  experience  constituted  an 
assurance  that  they  would  be  able  to  provide 
us  with  a  meaningful  one.  We  could  use  a 
single  military  expert  for  this  if  we  could  be 
assured  that  our  choice  was  correct.  To  do 
this  we  would  need  to  know  (1)  his  degree  of 
reliability  which  is  the  relative  frequency  of 
cases  in  which,  when  confronted  with  a 
number  of  alternative  hypotheses,  the  expert 
ascribed  a  greater  personal  probability  *o 
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the  eventually  correct  alternative  than  to  the 
others,  and  (2)  his  degree  oi  accuracy  which 
IS  the  correlation  between  his  personal  prob¬ 
abilities  and  his  correctness  in  the  class  of 
those  hypotheses  to  which  he  ascribed  this 
p:  obabxlity.  Since  all  the  relevant  background 
data  necessary  for  determining  the  choice  of 
a  single  expert  was  not  available,  the  decision 
was  in  ide  to  utilise  a  number  of  experts  with 
eacn  functioning  as  a  chsck  on  the  other. 
These  experts  acted  as  a  single  group,  pool¬ 
ing  their  knowledge  of  a  subject  through  a 
series  of  conferences  and  discussions,  elim¬ 
inating  discrepancies  in  open  debate,  and 
attempting  to  find  solutions  satisfactory  to 
all. 

fcaci  of  the  experts  was  an  eiqierienccd 
military  man  who  had  taken  part  in  aggres¬ 
sive  actions  against  the  enemy  in  World 
War  II  or  the  Korean  Conflict  and  who  was 
familiar  with  the  training  products  of  Basic 
Combat  (BCT) and AdvancedXndividualTrain- 
ing  (AlT).  The  members  of  this  group 
studied  and  recorded  their  analysis  of  the 
combat  duties  of  the  LWl  in  a  series  of 
papers.  This  analysts  was  based  on  a  con¬ 
ceptualization  of  the  1962  battlefield,  the 
tactical  utilization  of  the  different  weapons 
the  LWI  would  operate,  a  study  of  current 
eC.tions  and  drafts  of  relevant  field  manuals, 
training  manuals,  Army  Subject  Schedules, 
Army  Training  Programs,  aiwl  relevant  com¬ 
bat  experiences.  Groups  of  ex»»crts  worked 
on  different  aspects  of  the  combat  job,  form¬ 
ulating  skills,  knowledges,  andperformances 
for  that  job,  and  preparmgpapers  which  were 
reviewed  by  other  members  of  the  group. 
Differences  were  reconciled  through  solicited 
comments  from  other  experts.  Final  papers 
produced  on  a  given  job  were  subjected  to 
“murder  boards**  inwhichallmembersofthc 
group  made  suggestions  for  changes.  These 
papers  were  then  revisedto  reflect  consensus 
of  the  group  and  the  other  experts  and  sub¬ 
mitted  to  the  U.  S.  Army  Infantry  School 
(USAJS)  for  review  and  comment.  Repre¬ 
sentatives  of  USAIS  and  Task  .RIFLEMAN 
reconciled  their  differences  and  the  final 
statement  of  the  skills,  knowledges,  andper¬ 
formances  was  produced.  The  end  result  was 
a  set  of  skills,  knowledges,  andperformances 
which  comprised  a  detailed  jobdescription of 
the  minimum  requirements  necessary  for  the 
LWI  to  perform  effectively  in  combat. 

Published  in  January  1961  by  the  U.  S. 
Army  Infantry  Human  Research  Unit,  Fort 
Beiuiing,  Georgia,  as  Research  Memorandum 
Number  23,  this  job  description  is  offered 
as  a  source  of  detailed  information  on  what 
the  Intantryman  does  in  combat.  Although 
directed  specifically  at  1962,  the  41  subjects 
and  ti.e  102  performances  described  are 
considered  to  have  continuing  validity  con¬ 
tingent  upon  the  developmentand the  issuance 
of  new  weapons. 


EVALUATION  OF  COMBAT 
PERFORMANCES 

In  order  to  focus  research  efforts  on 
those  performances  which  were  most  directly 
related  to  combat  and  which  were  also  most 
in  need  of  improvement,  two  selective  cri¬ 
teria  were  applied  to  the  i02  performances 
specified  in  the  job  description.  First,  13 
RIFLEMAN  staff  members,  who  were  com¬ 
bat  veterans  and  who  had  participated  in  the 
development  of  the  requirements  for  entrv 
into  combat,  chose  the  60  performances  the 
thought  to  be  more  directly  related  to  combat 
missions  than  the  others.  They  then  applied 
the  same  criterion  to  rank  order  these  60 
performances. 

Next,  50  members  of  a  Strategic  Army 
Corps  (STRAC)  division,  all  combat  veterans 
familiar  with  the  abilities  of  AIT  graduates, 
arranged  the  60  performances  in  order  of 
need  for  improvement. 

The  13  performances  which  ratedhighest 
on  both  combat  relatedness  and  need  for 
improvement  were  selected  as  the  core  ele¬ 
ments  of  a  combat  proficiency  test. 

The  next  step  was  to  devise  an  evaluation 
exercise  which  would  incorporate  the  selected 
combat  skills  performances  in  a  series  of 
combat-like  situations  and  provide  objective 
measurements,  ratings,  and  observations. 
This  evaluation  exercise  was  designed  to 
simulate  the  first  day  of  combat  which  might 
be  experienced  by  an  individual  replacement 
at  the  end  of  16  wee'xs  of  training.  The 
vehicle  for  providing  individual  performance 
measures  was  a  combat  squad  consisting  of 
four  trained  actor  squad  members  and  an 
actor  squad  leader.  Four  AlT  graduates 
completed  the  squad;  two  were  assigned  as 
riflemen  and  two  as  automatic  riflemen. 

Subjects  (1)  were  received,  oriented,  and 
assigned  at  division,  battle  group,  company, 
and  platoon  levels  of  command,  (2)  were 
taken  on  a  10- mile  road  march  in  battle  gear, 
(3)  ate  field  rations,  and  (4)  conducted  night 
security  guard  duty.  The  five  actor  members 
of  the  squad  functioned  as  eiqierienced  squad 
members  who,  according  to  plan,  moved  the 
subjects  through  the  exercise,  issued  and 
relayed  orders,  fired  weapons,  provided 
realistic  combat  cues  by  their  actions,  and 
assisted  in  safety  control  during  Uve-firing 
situations. 

Live-firing  portions  of  the  evaluation 
were  scored  individually  in  terms  of  hits, 
targets  presented,  targets  fired  at,  and 
rou^s  expended.  Eachmanwas  rated  in  var¬ 
ious  situations  on  such  tactical  considerations 
as  use  of  cover  and  concealment,  choice  of 
firing  position,  skill  in  maintaining  formation, 
and  ability  to  receive  and  act  upon  verbal  and 
signaled  orders.  Every  man  was  followed 
closely  by  a  military  observer  who  noted 
individual  errors  of  omission  and  commission 


24 


which  detracted  £rom  thexnan'seffectiveness 
aa  a  member  of  the  squad. 

In  Order  to  convey  an  idea  of  the  nature 
and  scope  of  the  situations  used,  1  shall 
briefly  sketch  the  scenario  of  the  exercise. 

During  the  night,  a  simulated  attack  by 
enemy  infiltrators  provided  a  situation  in 
wlich  data  on  the  proper  choice  of  weapon 
ana  on  the  use  of  hand  grenades  were 
gathered. 

The  next  morning,  the  squad  leader  gave 
the  attack  order,  issued  weapons  and  live 
ammunition,  and  moved  the  squad  out  toward 
the  enemy.  Sudden  simulated  machinegun 
fire  from  an  enemy  outpost,  accompanied  by 
a  display  of  movable  targets  interrupted  the 
forward  movement  and  introduced  a  situation 
in  which  the  subjects*  immediate  reaction  to 
surprise  fire  was  recorded.  During  subse¬ 
quent  maneuvers  m  response  to  leaders' 
orders,  use  of  cover  and  concealment  and 
choice  of  firing  positions  were  rated  by 
tramed  scorers  and  experienced  military 
observers.  Data  on  effectiveness  offirewith 
rifle,  automatic  rifle,  and  hand  grenades 
were  also  obtained. 

Once  the  enemy  outpost  was '‘overcome," 
forward  movement  was  continued.  As  the 
squad  crossed  the  assault  position,  moving 
enemy  personnel  targets  appeared  and  ran 
toward  the  forward  edge  of  the  enemy  battle 
area  (PEBA).  Data  on  effectiveness  infiring 
at  moving  targets  with  rifle  and  automatic 
rifle  were  obtained  in  this  situation. 

The  squad  moved  forward  in  a  squad  Une 
toward  the  enemy  FEBA,  represented  by  a 
display  of  silhouette  targets  and  fleeting- 
glimpse  indicators  backed  by  scoring  panels. 
A  series  of  silhouette  targets,  representing 
an  unexpected  enemy  defense  in  depth,  ap¬ 
peared  after  the  squad  completed  the  assault 
of  the  enemy  forward  lines.  The  assault 
ended  when  the  squad  reached  a  hilltop. 
Data  On  effectiveness  of  various  aspects  of 
assault  fire,  fire  distribution,  and  engage¬ 
ment  of  surprise  targets  with  rifle  and  auto¬ 
matic  rifle  were  gathered. 

At  the  conclusion  of  the  assault,  the  squad 
occupied  4  two-man  foxholesontheobjective. 
Each  subject  was  paired  with  an  "experi¬ 
enced"  squad  member  who  pointed  out  the 
limits  of  the  subject's  sector  of  responsi¬ 
bility.  The  expected  counterattack  began  with 
simulated  machinegun  fire  and  a  display  of 
silhouette  targets.  A  programmed  presenta¬ 
tion  of  single  and  multiple  displays  of  killable 
silhouette  targets  at  progressively  decreas¬ 
ing  ranges  and  for  varying  durations  repre¬ 
sented  the  progress  of  the  enemy  toward  the 
squad.  Some  displays  required  shifts  of  fire 
from  more  distant  to  closer,  more  dangerous 
targets. 

During  this  action,  an  enemy  assault 
formation  preparing  to  assault  the  squad’s 
position  was  represented  by  alineoffleeting- 
glimpse  indicators  which  extended  across  all 


sectors  of  fire  and  was  backed  by  a  scoring 
panel.  The  squad  leader,  in  a  separate  fire 
order,  designated  the  limits  of  this  linear 
target  prior  to  its  presentation  and  gave  tlte 
command  to  fire  as  the  display  began.  This 
situation  provided  data  on  rate,  distribution, 
and  effectiveness  of  fire  on  suspected  enemy 
locations  with  rifle  and  automatic  rifle,  and 
on  understanding  and  compliance  with  the 
verbal  fire  order. 

In  addition,  during  this  general  defense 
action,  enemy  personnel  approaching  by 
rushes  and  bcunds  were  represented bymov- 
ing  personnel-type  targets  which  appeared  at 
far,  midrange,  and  near  distances.  The 
defense  phase  terminated  with  the  presenta¬ 
tion  of  a  moving  personnel-type  target  which 
arose  from  a  concealed positionand advanced 
for  S  seconds  and  then  felltoaprone  position 
15  meters  from  the  foxhole.  These  situations 
provided  additional  data  on  proficiency  in 
firing  at  moving  targets. 

The  silhouette  target  displays  presented 
during  the  course  of  the  simulated  enemy 
counterattack  provided  a  series  of  situations 
in  which  data  were  obtamed  on  proficiency 
in  engagmg  stationary  single  and  multiply 
personnel-type  targets,  includmg  "surprise" 
targets,  under  various  conditions  of  distance 
and  exposure  time. 

At  the  end  of  the  defense  phase,  the 
squad  leader  ordered  the  squad  to  move  to 
positions  from  which  approaching  enemy 
tanks  could  be  engaged.  A  target  tank 
traveling  laterally  backandforthrepresented 
the  approaching  tanks.  The  riflemen  engaged 
the  tank  with  inert  antitank  rifle  grenades, 
while  the  automatic  riflemsn  used  inert 
3.5-inch  rockets.  Data  on  proficiency  in  en¬ 
gaging  moving  tanks  with  the  respective  weap¬ 
ons  were  collected  in  this  situation. 

The  moving  tank  situation  concluded  the 
exercise.  Immediately  afterward,  each  sub¬ 
ject  was  interviewed  regarding  hit  pre¬ 
evaluation  e;^erience8,  his  reactions  during 
the  exercise,  and  his  opinions  regarding 
certain  aspects  of  training.  Also,  the  ability 
of  each  subject  to  disassemble,  clean,  and 
assemble  both  the  Ml  Rifle  and  the  Browning 
Automatic  Rifle  was  evaluated  and  scored 
through  use  of  a  checklist. 

Because  the  exercise  was  designed  and 
conducted  primarily  to  gather  data  of  signif¬ 
icance  for  the  development  of  improved 
training,  the  specific  resvlts  of  the  evalua¬ 
tion  are  not  relevant  to  this  discussion. 
However,  with  anappropriatechangeoffocus, 
data  of  direct  relevance  todesignand  evalua¬ 
tion  of  items  for  the  Infantryman  could  h?ve 
been  collected.  For  example,  observations 
made  during  the  administration  of  the  exer¬ 
cise  to  51  men  who  had  completed  l6  weeks 
of  individual  training  suggest  that  the  pro¬ 
vision  of  more  adequate  facilities  for  carry¬ 
ing  hand  grenades  while  crawling  over  rough 
ground  would  result  in  less  lots  of  grenades 
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en  route  to  a  suitable  throwmg  position 
Ammumtion  magasines  were  observed  to 
have  a  distinct  tendency  to  stick  in  ammuni¬ 
tion  pouches,  with  a  resultant  loss  in  volume 
of  fire— often  at  critical  moments.  BAR 
firers  were  relatively  ineffective  onmultiple 
targets  ard  on  near  targets  when  firing  from 
foxhole  s  and  using  the  bipod.  A  rather  awk¬ 
ward  body  movement  seemed  to  be  neces¬ 
sary  in  order  to  engage  suchtargets.  F  ”ther 
investigation  might  reveal  factors  which  could 
be  corrected  by  an  improved  design. 

A  complete  description  of  the  exercise 
will  soon  be  available  in  a  forthcoming  Tech¬ 
nical  Report.  This  document  will  provide  an 
illustration  of  how  the  combat  performance 
described  in  Research  Memorandum  No.  23 
may  be  eN'aluated  under  combat-like  condi¬ 
tions.  The  scope  of  such  evaluations  may  be 
tailored  to  fit  the  particular  human  en¬ 
gineering  problems  of  concern.  In  this  way, 
the  use  of  Infantry  items  by  individuals  per¬ 
forming  in  tactical  situations  under  combat¬ 


like  conditions  may  be  observed  and  eval- 
uc.ed. 

SUMMARY 

Two  products  of  Infantry  training  re¬ 
search  have  been  described  and  offered  as 
potentially  useful  in  the  human  factors  en¬ 
gineering  of  weapons  and  equipment  for  the 
Infantryman.  Research  Memorandum  No. 
23  provides  a  complete  description  of  102 
combat  performances  required  of  men  en¬ 
gaged  in  ground  combat.  The  soon-. '-be 
published  Technical  Report providesanulus- 
trative  example  of  how  the  combat  perform¬ 
ances  can  be  incorporated  in  a  series  of 
tactical  actions  during  which  proficiency  can 
be  evaluated  under  simulated  combat  opera¬ 
tional  conditions. 

Consideration  of  these  two  items  by  all 
those  concerned  with  human  factors  engi¬ 
neering  for  the  Infantryman  is  invited. 
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B.  INDIVIDUAL  CBR  PROTECTIVE  CLOTHING  UNDER  SIMULATED  COMBAT  CONDI¬ 
TIONS  by  Edmund  G.  Cummings,  U.  S.  Army  Chomlcal  Research  and  Development 
Laboratories,  Army  Chemical  Center,  Maryland 


L  Introduction 

The  primary  objective  of  this  experiment 
was  to  determine  whether  the  Mt7  mask, 
£,33  hood,  and  protective  clothing  could  be 
worn  and  tolerated  in  the  physiological  and 
psychological  sense  for  a  continuous  24>hour 
period  and  for  an  additional  48  hours  with 
interruptions  only  for  food,  water  and 
egestion. 

Tne  second  objective  was  to  investigate 
problems  that  the  soldier  would  encounter  in 
sustaining  himself  while  wearing  the  protec¬ 
tive  ensemble  for  extended  periods  of  time. 

The  third  objective  was  to  investigate 
the  usefulness  of  several  experimental  items, 
to  develop  concepts  for  future  experimental 
items,  and  concepts  for  tactical  operations 
while  men  are  operating  in  a  toxic  atmos¬ 
phere. 

No  attempt  was  made  to  estimate  casual¬ 
ties  that  might  result  from  leakage  or  faulty 
material. 

During  World  War  I,  American  forces 
were  equipped  mainly  with  the  British  Small 
Lux  Respirator  (SBR)  an  extremely  uhcom- 
fortable  respiratory  protective  device  to  be 
worn  during  mustard  gas  attacks.  The 
physiological  limit  of  toleration  of  the  SBR 
was  from  6  to  8  hours  at  low-work  rates, 
and  heavy  work  forced  removal  of  the  SBR 
even  in  the  presence  of  gas.  Toward  the 
end  of  the  conflict,  the  response  to  the  de¬ 
mands  for  a  more  comfortable  mask  resulted 
in  the  introduction  of  the  American  Tissot 
Mask. 

Following  World  War  I  and  up  to  the 
present  tirpe,  continual  effort  has  been  di¬ 
rected  toward  producing  a  more  comfortable 
mask.  Breathing  resistance  has  been  low¬ 
ered,  head  harnesses  modified,  and  can¬ 
ister  position  changed.  With  ^  newer  mask 
(presumably  the  American  M3),  wearing 
trials  by  6  out  of  12  resting  men  lasted  for 
48  hours. 

The  American  M17  mask  was  developed 
for  increased  (a)  comfort,  (b)  protection, 
(c)  durability,  (d)  vision,  and  (e)  voice  trans¬ 
mission.  Ease  of  breathing  is  shown  by  the 
Ml7’s  low- resistance  capability,  vdiich  en¬ 
ables  men  to  exercise  at  exhausting  rates, 
witn  only  a  slight  decrease  in  normal  per¬ 
formances 

In  the  field  trials,  the  American  M17 
mask  has  been  worn  for  72  hours,  with 
intervals  for  food  and  water  consumption. 
The  .\merican  M17  mask,  hood,  and  im- 
pregrated  protective  clothing  have  been  worn 
under  hot  weather  conditions  forlongperiods 
of  time,  but  the  insulation  of  the  underwear 
subjects  men  to  a  high-heat  load  vdiile  per^ 


forming  heavy  exercise.  The  principal  criti¬ 
cism  by  the  investigator  of  these  long- 
wearing  trials  IS  the  frequent  interruption 
for  ingestion  of  food  and  water.  The  tolera¬ 
tion  point  for  unbroken  wear  of  the  protective 
ensemble  in  a  CBR- contaminated  area  is  not 
known. 


C.  Equipment 

Each  test  subject  was  equipped  with 
the  M17  field  protective  mask,  E33fieldpro« 
tective  hood,  steel  combat  helmet,  CC-2  im¬ 
pregnated  two-piece  field  uniform  and  field 
jacket,  CC-2  impregnated  long  underwear, 
CC-2  impregnated  gloves  and  socks,  and  field 
boots.  The  Ml  rifle,  canteen  and  cartridge 
belt  were  also  standard  equipment. 


IL  Materials  and  Methods 

A.  Subjects 

Twenty-three  men  from  the  Directo¬ 
rate  of  Medical  Research  Volunteer  Program 
were  selected  to  participateina72-hourfield 
test.  The  men  in  this  group  were  untrained 
for  field  operations  and  most  of  them  normally 
worked  at  a  desk.  Only  three  of  the  subjects 
were  accustomed  to  outside  work  at  a  fairly 
high  rate  of  exercise.  Most  of  the  men  were 
tobacco  smokers  and  three  of  the  group  had 
head  colds.  Indications  were  that  the  per¬ 
formance  of  these  men  would  not  be  as  pro¬ 
ficient  as  might  be  expected  m  a  highly  tramed 
and  organized  combat  group. 

B.  Test  Program 

The  entire  military  activity  was  de¬ 
veloped  and  supported  by  the  U.  S,  Army 
Chemical  Corps  Board,  Army  Chemical  Cen¬ 
ter,  Maryland. 

The  test  was  conducted  at  a  test 
site  at  the  U.  S.  Army  Chemical  Center, 
Maryland.  This  field  was  a  cleared  area, 
approximately  l/4  sq  mi,  which  was  to  be 
defended  and  held  by  a  group  of  17  men 
(including  the  Platoon  Commander)  )mown 
as  the  defenders.  The  field  was  bordered 
on  three  sides  by  a  thie)dy  wooded  area, 
which  was  to  be  irdiltrated  by  six  men  based 
approximately  1/4  mi  away.  Thesemenwerc 
the  aggressors.  On  the  first  afternoon,  the 
defenders  prepared  their  position  by  digging 
foxholes  and  sending  out  patrols.  In  the  even¬ 
ing,  the  first  attack  by  the  aggressor  forces 
occurred.  A  fifty  per  cent  alert  was  main¬ 
tained  throughout  the  night. 

On  the  second  day,  positions  were 
further  improved,  and  morning,  afternoon 
and  evening  attacks  took  place. 

The  thira  day  consisted  of  a  pro¬ 
longed  attack  in  which  smoke  grenades  were 
used.  On  the  fourth  morning,  the  aggressors 
attacked  and  withdrew. 
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On  the  last  day  of  the  test  armored 
vests  were  worn  by  three  subjects,  along  wtth 
disposable  protective  outer  garments  The 
purpose  of  this  experiment  was  to  determine 
whether  the  mask  and  hood  were  compatible 
with  the  armored  vest. 

Eleven  of  the  masks  were  modified 
with  a  special  experimental  drinking  tube 
leadi'ig  to  a  canteen  {Figure  1).*  The  tube 
was  designed  to  enable  ftiento  consume  water 
or  liquid  food,  such  as  soup  and  milk,  without 
removing  the  mask  and  hood  from  the  face. 
It  consisted  of  two  polyvinyl  chloride  plastic 
tubes,  one  inside  the  other. 

At  night,  when  the  ambient  tempera¬ 
ture  was  cooler,  the  nien  wore  field  jackets. 
They  slept  In  sleeping  bagsinandaroundfox- 
holes. 

D.  Wearing  Conditions 

The  test  subjects  were  required  to 
wear  the  protective  clothing  and  mask  en¬ 
semble  continuously  for  the  first  24  hours. 
They  were  instructed  that  if,  for  «ny  reason, 
they  were  forced  to  unmask,  or  remove  any 
part  of  the  protective  clothing,  even  for  the 
briefest  time,  they  were  to  consult  the  ob¬ 
servers.  The  observers  thenwouldtrytode- 
termine  the  reasons  for  their  desire  to 
unmask,  and,  if  no  physiological  difficulties 
were  noted,  the  observers  would  attempt  to 
persuade  the  subject  to  return  to  the  test. 

Since  this  was  a  volunteer-type  test, 
any  man  was  free  to  remove  himself  whenever 
he  felt  that  conditions  became  unbearable. 
The  men  were  informed  before  the  testofthe 
importance  of  their  cooperation.  They  were 
given  instruction  in  wearing  the  mask  and 
clothing  and  had  2  hours  of  preparatory  mask 
wearing  the  day  before  the  test  began,  but 
were  untrained  in  so  far  as  the  individual 
protective  equipment  was  concerned. 

E.  Feeding  Methods 

Three  methods  of  supplying  food  were 
attempted  during  the  field  experiment.  For 
the  first  24  hours,  the  11  men  whose  masks 
were  equipped  with  drinking  tubes  were  sup¬ 
plied  with  water  and  soups,  the  remainder  of 
the  men  were  vdthoutfoc^  or  water.  After  the 
initial  24-hour  period,  the  12  men  without 
drinking  tubes  were  allowed  to  consume  their 
first  meal  of  assault  rations  by  lifting  the 
mask  and  hood  for  a  brief  instant,  inserting 
food  or  water  into  the  mouth  and  replacing  the 
mask  and  hood  until  they  had  swallowed  and 
were  prepared  for  the  next  mouthful  (Figure 
2).  Ihe  men  with  drinkingtubesatethismeal 
in  an  experimental,  protective  field-feeding 
station.*  The  unit  was  fitted  with  a  small 
gasoline-powered,  collective  protector, which 


*The  ezi.erltaento!  drlnklnq  tube  wss  ocde  e^^ressiy  foe 
this  test  by  die  Respirator  Brcadi,  Protective  Dewlo^ 
oent  EHvislon.  these  b^Mteries. 

‘PoMooted  by  the  Air  Flltraticn  Btondi.  Protective 
Development  Division,  these  Laboratories. 


supplied  it  with  pressurized  filtered  air. 
This  station,  which  accommodates  three  men, 
had  openings  on  one  side  through  which  the 
head  and  hands  could  be  placed.  The  subjects 
sat  on  a  bench  outside  the  station  with  head 
and  hands  thrust  into  the  filtered  atmosphere 
(Figure  3).  The  subjectsunmaskedinsidethe 
shelter  and  were  given  ISminutestoeattheir 
rations  (Figure  4).  Because  of  the  higher  in¬ 
ternal  pressure  of  purified  air  withinthe  feed¬ 
ing  station,  therewouldbenotoxic  agent  leak¬ 
age  into  the  structure.  This  feeding  station 
was  used  by  all  men  at  subsequent  meals. 

In  the  feeding  station  C  rations  were 
supplied  to  the  men  and  assault  rations  were 
supplied  when  they  ate  by  the  lifting  of  the 
mask  and  hood  method. 

F.  Measurements 

The  resting  pulse  rates  of  the  group 
were  taken  routmely  in  the  morning  between 
0700  and  0800  hours  and  in  the  evening  be¬ 
tween  1700  and  1800  hours.  These  were 
radial  pulses  and  were  obtained  after  the  men 
had  been  sitting  quietly  for  5  minutes  while 
filling  out  the  subjective  questionnaire.  The 
questionnaire  was  prepared  by  the  Psychology 
and  Human  Factors  Engineering  Branch, 
these  Laboratories,  and  sampled  attitudes 
toward  *he  protective  ensemble.  The  same 
questionnaires  were  distributed  in  the  morn¬ 
ing  and  evening  throughout  the  test  period. 

When  a  subject  decided  he  needed 
medical  or  other  attention  or  was  about  to 
withdraw  from  thetest.hispulseand respira¬ 
tory  rates,  as  well  as  his  oral  temperature 
were  recorded.  Furthermore,  he  was  asked 
the  reason  for  his  wish  towithdrawandques- 
tioned  about  his  previous  activity,  mam  dis¬ 
comfort,  ease  of  breathing,  and  his  desire  for 
tobacco,  water,  and  food.  He  was  also  asked 
if  he  would  remove  the  mask  if  he  were  ex¬ 
posed  to  a  toxic  atmosphere.  Xf  the  subject 
could  not  be  persuaded  to  return  to  the  test, 
he  was  removed  without  bemg  teen  by  the 
remaining  volunteers.  Somenonparticipating 
volunteers,  however,  were  utilized  to  assist  in 
the  feeding  detail  in  the  portable  feeding 
station. 

IIL  Results 

A.  Meteorological  Conditions  and  Sub¬ 
jective  Comfort 

louring  this  test  period,  the  weather 
was  temperate.  Day  temperatures  rose  from 
54*  to  74*P,  while  at  night  the  temperature 
dropped  to  53*  F.  During  the  seventeenth  and 
eighteenth  of  October,  the  sun  was  direct  with 
very  little  cloud  cover.  Onthedayof  the  nine¬ 
teenth,  clouds  began  to  mov^.over  the  test  site 
and  it  started  to  ram  at  2300  hours. 

B.  Wearing  Time 

S>ubject  participation  intheinitial24« 
hour  mtervalofcontinuousxnaskwear  is  sum¬ 
marised  in  Table  1.  Twenty-four  men  were 
scheduled  to  participate  as  test  subjects,  but 
one  refused  to  wear  the  equipment.  Of  the 
23  remaining,  3  had  their  masks  off  before*24 
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TABLE 


TABLE  2 


Subject  Participation  during 
First  24-Hours  of  Continuous 
Ensemble  Wear 


Total  participants  2$ 

Pre  24  hour  drop-outs  3 

Remaining  20 

Discounted  for  unreliabililv  3 

Remaining  17 

Involuntary  ma^k  removal  (15  mini  _1 
Total  24  hour  participation  16 


hours  had  passed  Three  were  found  sleeping 
with  their  masks  removed  on  the  thirdnight  of 
the  test,  thereby  discounted,  although  there 
was  no  evidencuthat  these  men  lifted  the  Aiask 
at  any  time  during  the  first  24  hours  of  the 
test.  One  man,  who  engaged  in  a  high  level  of 
activity,  was  removed  briefly  from  the  test, 
because  of  his  elevated  resting  pulse  (135 
beats/min)  and  because  he  was  found  to  have 
an  oral  temperature  of  99.8*  F.  After  sitting 
for  IS  minutes,  his  temperature  and  pulse 
-eturned  to  normal,  and  he  was  reinstated  in 
the  test  situation.  This  left  l6mcnwho  wore 
the  mask  continuously  for  the  first  24  hours. 

The  unmasking  occurred  at  the  first 
meal,  which  was  served  from  1300  to  1530 
hours  on  the  second  day  (18  October).  Some 
of  the  subjects  were  fed  using  the  portable 
field-feeding  station  method  aiwl  the  re¬ 
mainder  ate  by  temporarily  lifting  the  hood 
and  mask.  Among  those  utiUamg  tne  feeding 
station,  some  of  the  subjects  wore  the  mask 
slightly  more  and  some  wore  it  slightly  less 
than  24  hours  The  capacity  of  the  portable 
station,  which  was  built  to  accommodate  only 
three  men  at  any  one  time,  accounted  for  the 
difference  in  wearing  times  among  the  sub¬ 
jects. 

The  amount  of  time  spent  by  all 
participants,  during  the  72-hour  trial,  is 
shown  in  Table  2.  TheTabledoesnot  include 
the  time  spent  unmasked  for  eating.  During 
the  15- minute  mealtime  period  taken  in  the 
protective  shelter,  facial  skin  abrasions  were 
treated  in  the  cases  where  this  attention  was 
required.  The  test  subjects  who  ate  by  the 
lifting  of  the  hood  and  mask  method  required 
more  time  to  consume  their  meals,  that  is, 
20  to  30  minutes. 

The  total  unmasked  time,  shown  in 
Table  2,  also  includes  the  wearing  times  of 
the  personnel  who  dropped  out  of  the  test. 
The  unmasked  time  for  those  who  remained 
is  given  in  the  subtotal,  which  averages  ap¬ 
proximately  IS  minutes  per  24 hours  for  each 
of  the  19  men. 

The  secondary  period  of  complaints, 
in  the  men’s  desire  to  remove  their  masks. 


Unmasked  Time,  72  Hour  Field  Test 


17 

October 

18  19 

20 

SUBTOTAL* 

Hrs. 

0 

9 

0 

0 

Min. 

40 

53 

53 

3 

15 

20 

30 

0 

Freq. 

2/22 

6/16 

9/16 

1/16 

TOTAL 

Hrs. 

3 

83 

109 

78 

Min. 

5 

54* 

3 

3 

Sec. 

40 

18 

30 

0 

Freq. 

6/23 

12/23 

15/23 

7/23 

*Excludes  those  relieved  from  participation 


came  after  approximately  36  to  44  hours  of 
wear.  At  this  time,  beard  growth,  ingrown 
hairs,  and  acne  caused  discomfort. 

The  increase  in  unmasked  time  on 
the  morning  of  the  eighteenth  is  attributed  to 
one  man  who  was  forced  to  drop  out  of  the 
test  for  8  hours  because  of  severe  headache. 
He  returned,  however,  after  his  headache  had 
disappeared. 

The  characteristics  and  observations 
of  subjects  who  withdrew  from  the  test  are 
given  in  Table  3.  One  subject,  mentioned 
above,  returned  to  the  test  after  8  hours  when 
his  headache  had  disappeared.  Two  of  the 
other  four  withdrawals  complained  of  feeling 
frightened  or  closed  in  during  the  night  and 
mentioned  feelings  of  impending  death.  One 
subject,  Ru,  had  no  real  complaint  nor  any 
real  reason  for  withdrawing  from  the  test, 
but  he  had  observed  others  leaving  earlier 
and  probably  wished  to  do  the  same.  Subjec 
Ju  claimed  to  have  a  sore  face  but  had 
expressed  an  unwillingness  to  participate  in 
the  test  when  first  interviewed  as  a  test  sub¬ 
ject.  Pulse  and  breathing  rates  and  oral 
temperatures  of  the  four  men  were  all  fairly 
normal,  even  though  the  pulse  readings  were 
slightly  elevated  after  1/4  mi  of  walking. 
Mask  removal  occurred  in  three  of  the  four 
cases  during  the  night  after  the  men  had 
slept  briefly.  Sleep  would  account  for  the  low 
oral  temperatures  measured  on  these  men. 

C,  Liquid  Consumption 

There  was  concern  among  the  ob¬ 
servers  about  the  ability  of  the  men  to  regu¬ 
late  body  heat  adequately  when  deprived  of 
the  oportunity  to  ingest  water  because  of 
restrictions  on  lifting  the  mask.  Men  without 
the  drinking  tube  felt  particularly  thirsty 
after  15  hours  of  continuous  wear.  When 
these  subjects  were  allowed  to  eat  and  drink 
after  the  24-hour  period,  they  consumed  on 
the  average  slightly  less  than  1-1/2  canteen 
cups  of  water  (approx  800  mi.). 
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TABLE  3 


Characteristics  cx  Subjects  Withdrawing  from  Test 


Subject 

Participation 

Hours 

H.R, 

b/min. 

or 

Resp.  R. 
b/min. 

Complaint 

Re 

7 

68 

97.9 

18 

felt  suffocated 

Fr 

9 

92 

97.8 

.. 

vascular  headache 

Di 

9 

92 

98.3 

12 

frightened 

Ru 

25 

96 

.. 

16 

difficult  breathing 

Ju 

17 

80 

97.8 

— 

sore  face 

The  men  who  were  provided  with  a 
drinking  tube  consumed  approximately  two 
canteens  (2  pt)  of  soup  and  slightly  less  than 
1  canteen  of  water  during  the  first  24  hours. 

D.  Phyaioloeical  State 

In  a  field  trial,  the  number  of  ex* 
perimental  differences  increases  so  as  to 
make  biological  measurements  highly  van* 
able.  The  resting  pulse  rate  was  the  most 
reliable  index  of  physiological  stress  that 
was  applicable  to  the  test  situation.  The 
pulse  rates  of  the  subjects  are  shown  m 
table  4.  There  was  much  variation  in  the 
rates«  because  there  was  no  control  over 
previous  activity.  Those  in  the  aggressor 
group  had  consistently  higher  pulse  rates 
than  the  defenders,  presumably  because  this 
was  the  more  active  group.  Two  of  the 
aggressors  had  resting  pulse  rates  fre* 
quently  over  100  beats/min. 

TABLE  4 


Resting  Pulse  Rates  m  Beats  per 
Minute  During  72  hour  Test 


17  Oct 
PM 

18  Oct 
AM  PM 

19  Oct 
aM  pm 

20  Oct 
AM 

Mean 

81 

82 

89 

83 

85 

76 

High 

104 

116 

108 

96 

}00 

98 

Low 

56 

60 

66 

68 

68 

52 

No. 

23 

20 

19 

19 

19 

19 

E.  Egestive  Activities 

The  frequencies  and  time  spent  by 
men  during  thetest  performing  egestive  func¬ 
tions  are  shown  in  Table  5.  On  the  basis  of 
these  timeSi  the  skin  exposure  of  men,  per¬ 
forming  these  functions,  canbe  calculated  and 
from  skin  exposure  and  vapor  concentration, 
casualty  estimations  can  be  made. 

During  urination,  the  surface  of  the 
penis  is  exposed.  Assuming 't  to  be  cylindri¬ 
cal  with  averagedimensions of  13.0by 8.6cm, 
the  Surface  area  would  be  118  sq  cm. 

During  defecation,  the  skin  area  ex¬ 
posed  is  irregular,  but  the  regions  generally 
involved  would  be  the  thigh,  buttocks,  and 
genitals.  This  area  may  be  estimated  to  be 
25%  of  the  total  skin  surface  area.  On  the 


average  man  173  cm  (5  ft  8  m)  tall  and 
weighing  67  kg  (147  lb)  the  skin  area  exposed 
during  defecation  would  be  25%  of  1.77  sq  m 
or  4,420  sq  cm. 

The  most  any  man  urinated  during 
one  day  was  four  times,  giving  a  repeated 
exposure  of  118  cm  of  skin  for  a  total  of  4 
minutes  and  10  seconds.  No  man  defecated 
more  than  twice  a  day;  the  one  man  who  de¬ 
fecated  twice  would  have  had  an  exposure  of 
4,420  sq  cm  of  skm  area  to  toxic  aerosol  or 
vapor  for  8  minutes. 

F.  Complaints  Concerning  Protective 
Ensemble 

In  general,  the  conditions  produced  by 
the  mask  and  clothing  after  prolonged  wear 
were  not  of  a  serious  nature.  The  protective 
underwear  has  a  tendency  to  irritate  the  skin 
of  the  crotch  and  armpits  because  of  its 
roughness  and  because  it  has  anacid  reaction 
when  damp.  Only  one  man  had  a  crotch  irri¬ 
tation  that  bothered  him  enough  to  cause  him 
to  seek  some  form  of  treatment. 

IV,  Discussion 

A,  Criticism  of  Test  Procedure 

The  mam  criticism  of  this  field 
experiment  was  the  lack  of  constant  observa¬ 
tion  of  each  subject  during  the  time  of  wear¬ 
ing  the  ensemble.  It  may  have  been  possible 
that  some  of  the  men  removed  the  mask, 
lifted  It  away  from  the  face,  placed  a  finger 
between  the  facepiece  and  face,  or  even 
removed  the  outlet  valve  in  order  to  make 
breathing  easier.  An  agent  or  irritant  was 
needed  m  the  area  in  a  concentration  that 
would  be  a  positive  deterrent  to  mask  re¬ 
moval  in  the  absence  of  continuous  observa¬ 
tion. 

B.  Favors  ^fecting  Wearing  of  the 
Protective  Ensemble 

The  contmuous  24-hour  wearing  of 
the  protective  ensemble,  indicates  that  it  is 
possible  for  most  troops  to  remain  protected 
for  this  interval  in  combat  situations.  The 
length  of  the  protection  interval  depends 
largely  upon  the  ambient  temperature  at 
which  the  men  are  operating.  The  ambient 
temperature,  during  this  test,  did  not  rise 
above  74* F.  As  illustrated  by  the  results  of 
Project  JACKPOT,  an  operational  group 
would  have  to  ingest  water  frequently,  pos¬ 
sibly  every  2  to  3  hours,  when  operating  at 
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TABLE  5 


Skin  Exposure  during  Urination  and  Defecation 


Avr.  S.  A.  ] 

em2  1 

Max. 

Exposure/day 

Min.m 

Exposure/day 

Avr, 

Exposure/day 

min. 

sec. 

mm. 

sec. 

mm.  sec 

U. 

118 

4 

10 

1 

0 

1  47 

D. 

4,420 

8 

0 

4 

0 

_ 1 

4  24 

high  levels,  at  temperatures  i9C*F  and  high 
relative  humidities.  This  is  necessary  to 
maintain  high  sweat  rates  for  evaporative 
cooling.  Also,  in  hot  climates,  the  workrate 
would  have  to  be  reduced  when  men  wear  the 
two-layered  ensemble  to  prevent  their  ac¬ 
cumulating  a  high  heat  load. 

Under  cool  and  arctic  conditions,  the 
24-hour  protection  interval  could  be  main¬ 
tained  Without  difficulty,  even  without  water 
ingestion,  because  heat  stress  would  be  min¬ 
imized.  Other  problems,  however,  involved 
with  cold  protection,  might  become  limiting. 

In  temperate  and  hot  climates,  the 
availability  of  a  drinking  tube  would  decrease 
the  possible  casualty  expectation,  because  a 
mask  would  not  have  to  be  removed  from  the 
f?ca  to  permit  water  ingestion;  however,  the 
drinking  tube  and  availability  of  water  did  not 
prevent  mask  removal  m  this  test,  since 
three  of  the  four  men  who  withdrew  had 
drinking  tubes. 

With  Suitable  relief  intervals,  the 
protective  ensemble  can  be  worn  for  at  least 
3  days.  After  this  period,  the  men  who  com¬ 
pleted  the  test  were  suffering  no  severe 
effects  from  the  ensemble.  Physiologically, 
they  were  sound  and  the  nature  of  the  facial 
irritations,  although  annoying  to  these  sub¬ 
jects.  was  not  serious. 

Psychologically,  the  volunteers  were 
willing  to  remain  masked  for  another  day,  as 
indicated  by  the  questivnnaires,  and  the  ma¬ 
jority  felt  they  might  remain  masked  indefi¬ 
nitely  if  their  lives  were  in  danger.  The 
test  does  not  include  an  assessment  of  the 
effectiveness  of  the  protection  after  3  days. 
Presumably,  the  mask  filters  would  have 
required  renewal  at  iiitervals  if  a  toxic  agent 
had  been  present.  Also,  the  mask  seal  would 
have  been  less  effective  after  3  days  because 
of  beard  growth.  The  addition  of  a  pressur¬ 
ized  hood  would  lessen  peripheral  leakage 
and  decrease  hazards  of  long-term  wearing. 

The  group  did  appear  to  maintain 
higher  motivation  and  combat  capability  if 
allowed  to  remove  the  mask  after  approxi¬ 
mately  24  hours  of  continuous  wear.  It  is 
quite  feasible  that  the  mask  could  be  worn 
continuously  for  longer  periods,  however, 
relief  periods  of  approximately  13  minutes, 
as  utilized  in  the  test,  were  important  in 
alleviating  the  first  peak  of  complaints.  One 
might  expect  greater  efficiency  from  troops 


engaged  in  prolonged  wear  of  the  protective 
ensemble  if  brief  relief  intervals  were  ob¬ 
tained  in  the  field,  possibly  by  means  of  the 
portable  field-feeding  station. 

The  reason  the  maskbecame  intoler¬ 
able  after  a  period  of  wear  was  not  primarily 
the  breathing  difficulty  caused  by  airway 
resistance.  The  resistance  of  the  M17  mask 
is  low,  although  the  addition  of  the  tightly 
pressurized  hood  does  produce  noticeable 
expiratory  resistance.  The  pressurized  ex¬ 
piratory  resistance  during  wear  has  not 
yet  been  measured. 

The  major  complaints .  were  those 
resulting  from  pressure  and  irritation  onthe 
head  and  face.  Severe  swelling  of  the  scalp, 
from  impeded  lymph  drainage,  was  probably 
the  cause  of  the  reportedheadache  from  mask 
wear.  Only  one  man  suffered  from  a  severe 
headache,  although  the  wru  ^questionnaires 
indicated  that  over  half  the  men  developed  a 
headache  at  some  time  during  the  test. 

In  this  field  test,  three  of  the  four 
men  who  voluntarily  withdrew  can  be  con¬ 
sidered  as  poorly  motivated,  since  they  gave 
no  evidence  of  physiological  strain  at  the 
time  of  withdrawal.  Three  of  these  subjects 
who  withdrewthe  first  day  had  masks  equipped 
with  drinking  tubes,  which  indicated  that  the 
alleviation  of  thirst  had  little  effect  on  pro¬ 
longing  mask  tolerance. 

From  questioning  the  four  men  who 
withdrew,  it  was  apparent  that  they  did  not 
wish  to  endure  the  discomforts  of  the  test. 
It  was  also  apparent  that  the  effect  of  the 
dark  hours  upon  mask  wear  may  be  a  real 
problem  to  anxious  individuals.  Two  with¬ 
drawals  similarly  described  themselves  as 
wakmg  from  sleep  and  becommg  frightened 
at  finding  themselves  with  their  faces  cov¬ 
ered.  The  descriptive  phrase,  “feeling  1 
was  going  to  die,"  was  used  by  two  men. 
The  interpretation  of  this  statement  might 
depend  upon  the  subject's  acting  ability. 
Quite  probably,  the  isolation  of  the  person  at 
night  during  sleep  results  in  increased  anx¬ 
iety  about  the  problems  that  may  be  of  minor 
concern  during  the  daylight  hours. 

There  is  indication  that  an  adaptive 
process  occurs  during  the  first  day  of  protec¬ 
tive  ensemble  wear.  Abasisforthishas  been 
described  by  Soloviev,that  a  series  of  physio¬ 
logical  adjustments  to  the  increased  breathing 
resistance  occur  in  the  form  of  changes  in 
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breathing  pattern  and  in  cardiac  output.  In 
this  ^leld  test,  the  resting  pulse  rate  did  not 
indicated  adaptation  m  its  pattern  ol  change. 
Pulse  rates  dropped  on  the  last  day,  but  this 
nr-ay  have  been  attributed  to  the  cessation  of 
ii’lit^ry  r  incuvers.  Adaption  was  indicated 
by  (i,‘  the  cessation  of  withdrawals  from  the 
test  a.  or  "^4  hours,  (2)  the  change  in  breath¬ 
ing  patterns  as  recorded  on  questionnaires 
from  short,  nallow  breaths  to  long,  deep 
braaths,  xr  increase  in  thenumberofmen 
who  s'ep  after  the  first  night,  and  (4)  a 

.ecreas>  in  the  number  of  complaints  after 
the  first  24  hours. 

C.  Effectiveness  of  Methods  of  Eating 
and  Drinking 

1.  Drinking  Tube 

The  drinking  tube  utilized  inthe  field 
program  was  attached  to  the  mask  and  can¬ 
teen.  The  tube  seemed  to  be  best  suited  to 
drinking  water.  Soups  and  milk,  when  sucked 
through  the  tube,  had  a  tendency  to  spill  into 
the  facepic^«,  making  the  mask  uncomfortably 
sticky.  The  drinking  tube  would  be  a  valuable 
asset  to  troops  wearing  the  hood  and  mask 
during  hot  weather,  because  it  would  lessen 
exposures  resulting  from  lifting  the  hood  and 
mask. 

2.  Lifting  the  Mask 

Ingestion  of  food  by  the  liftmg  of 
the  mask  and  hood  method  is  practical  in  the 
field  only  when  aerosols  or  vapors  are  known 
to  be  at  low  concentrations.  Even  this  method 
involves  the  risk  of  toxic  exposure. 

3.  Portable  Field-Feeding  Station 

The  portable  field-feeding  station 

confers  additional  benefits  by  enabling  the 
men  to  (1)  change  filter  pads,  (2)  smoke, 
(3)  obtain  relief  from  mask  wear,  (4)  obtain 
treatment  for  facial  abrasions,  and(SWbave. 
These  units,  or  ones  of  similar  utility,  would 
extend  the  time  men  could  efficiently  operate 
in  the  field.  The  feeding  station  was  highly 
praised  by  all  subjects  using  it durmgthe  72- 
hour  wearing  trial, 

D.  Physiological  Condition 

The  resting  pulse  rates  showthatlhe 
men  were  not  highly  stressed.  The  type  of 
stress  expected  from  the  equipment  would 
result  from  heat  storage,  attributed  to  the 
layers  of  permeable  clothmg,  and  respiratory 
stress  imposed  by  mask  resistance.  The  new 
M17  mask  imposes  only  >  slight  inspiratory 
resistance,  but  may  impo-e  a  relatively  high 
expiratory  resistance  when  worn  with  the 
pressurized  hood.  The  field  test,  however, 
did  not  show  the  men  complaining  of,  or  af¬ 
fected  by,  expiratory  resistance.  Heat  stress, 
under  the  ambient  weather  conditions  at  the 
time  of  ye^r  the  test  Mas  conducted,  was  not 
apparent  nor  was  it  expected.  Also,  the 
period  of  water  deprivation  for  men  without 
drinking  tubes  was  not  of  a  stressing  condi¬ 
tion,  but  it  might  have  been  a  limiting  factor 
in  endurance  at  higher  ambienttemperatures 
or  higher  exercise  levels.  The  men  with 


drinkm-j  tubes  consumed  adequate  liquids 
wnen  masked.  Those  without  tubes  restored 
their  water  during  the  first  and  second  meals. 

E  Psychological  Aspects 

Besides  physiological  stress,  there 
were  indications  that  the  anxious  personmay 
have  become  emotionally stressedfrom long¬ 
term  mask  wearing,  especially  during  dark 
hours.  This  concept  is  exceedingly  difficult 
to  prove,  however,  from  the  practical  point 
of  view,  this  type  of  anxiety  might  be  over¬ 
come  by  training  the  mento  wear  the  mask  so 
they  can  become  familiar  with  its  effects  and 
develop  confidence  in  its  use. 

F.  Protective  Clothing 

In  these  tests,  t^e protective  clothing 
proved  its  intended  worth  since  there  was  no 
evidence  of  obvious  cuts  or  tears  during  the 
3-day  period  of  continuous  wear.  There  were 
skin  exposures,  but  these  were  attributed  to 
the  carelessness  of  the  wearer.  Observers 
reported  that  some  of  the  subjects  had  skin 
exposed  at  the  wrists  and  the  back,  where  the 
shirt  had  been  pulled  out  of  the  trousers 
during  exercise  or  daring  sleep. 

Because  of  the  climatic  conditions  at 
the  time  of  year  the  test  was  run,  where  the 
nighttime  temperatures  ranged  from  53.5*  to 
67.7*F,  the  subjects  were  required  to  wear 
their  field  jackets  m  order  tc  remain  com¬ 
fortable  during  the  night. 

G.  Armored  Vest 

The  armored  vest  might  produce  a 
high  heat  load  when  worn  with  the  protective 
ensemble  in  hot  climates.  In  this  test,  after 
one  hour’s  wear,  the  clothmg  of  the  men  was 
sweat  soaked  under  the  vest. 

The  £33  hood  was  worn  with  the  lower 
apron  covered  by  the  vest.  This  greatly 
restricted  head  movement  m  all  directions. 
Increased  head  movement  was  obtained  when 
then  protective  hood  was  worn  with  its  lower 
edge  outside  the  vest. 

H.  Suggestions  for  Further  Work 

Tests  to  assess  the  reliability  of  the 

protective  ensemble  during  prolonged  wear 
would  be  important  to  determine  casualty 
estimates.  This  reported  test  did  not  indicate 
how  many  men  would  be  disabled  because  of 
mask  leakage,  meal  preparation,  mask  re¬ 
moval  during  sleep,  or  innumerable  other 
factors.  The  introduction  of  an  irritant,  such 
as  CS,  into  a  similar  test  plan  would  give 
valuable  information  about  the  protective 
barrier. 

Additional  problems  could  be  en¬ 
countered  in  climatic  extremes.  Project 
JACKPOT  has  provided  information  on  hot- 
weather  problems,  cold-weather  problems 
have  not  as  yet  been  investigated. 

Hazards  of  urinatmg  and  defecating  in 
a  toxic  atmosphere  are  known,  but  practical 
solutions  to  this  problem  are  lacking. 

I.  Military  Significance  of  Data 

1.  Since  the  complaints  aboutthedis- 
comfort  of  wearing  the  protective  ensemble 
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were  heaviest  during  the  first  8  hours 
and  particularly  during  the  first  night,  it  can 
be  assumed  that  a  tolerance  to  wearing  the 
ensemble  was  developed.  On  the  subsequent 
days,  the  men  appeared  to  carry  on  their 
duties  normally  and  in  a  much  better  psycho¬ 
logical  condition.  The  conclusion,  then,  would 
appear  to  be  that  training  in  the  wearing  of 
the  protective  ensemble  is  desirable  It  is 
expected  that  wearing  the  ensemble  for  long 
periods  of  time  during  exercises  or  ma¬ 
neuvers  will  confer  three  mam  benefits  upon 
the  troops  so  trained  These  are.  (a)  troops 
would  become  familiarwiththeequipmentand 
develop  confidence  in  it,  (b)  they  would  develop 
a  tolerance  for  the  discomfort  associated  with 
wearing  the  ensemble,  and  (c)  they  would  learn 
to  perform  mission  tasks  more  efficiently 
while  wearing  the  protective  ensemble. 

2.  This  test  was  conducted  during  a 
mild  season  in  a  temperate  zone.  In  hot, 
humid  weather,  the  problem  of  heat  would  be 
significant.  In  this  instance,  there  would  be 
the  problem  of  so  pacing  the  task  perform¬ 
ance  as  to  prevent  heat  exhaustion.  This  is 
normally  done  even  without  the  protective 
ensemble.  Activity  injungleanddesertareas 
presents  limitations,  which  the  human  body 
could  not  endure. 

3.  The  requirement  for  water  as¬ 
sumes  a  much  higher  priority  than  that  for 
food.  This  IS  particularly  true  as  the  tern* 
perature  rises.  The  concept,  of  supplying 
water  through  the  mask  by  the  use  of  the 
drxnking  tube  shows  promise.  The  item 
would  have  to  be  engineered  sufficiently  to 
withstand  hard  field  usage.  The  use  of  this 
item  for  liquid  food,  such  as  milk  and  soup, 
tends  to  present  a  sanitary  problem  inside 
the  mask.  For  this  type  of  use,  the  tube  does 
not  appear  practical. 

4.  As  aresultofthistestandchamber 
tests  that  have  dealt  with  theproblem  of  eating 
within  chemical  contaminated  areas,  at  this 
time  the  most  promising  methods  appear 
below  in  descending  order  of  capability: 

a.  An  uncontaminated  shelter  into 
which  men  are  brought  t^  be  fed  only  after 
they  have  been  decontaminated. 

b.  A  shelter  within  which  con¬ 
tamination  is  held  to  a  minimum  by  air 
purification  through  a  diffusion  barrier  or  a 
collective  protector  unit. 

c.  A  shelter  within  which  con- 
tam.nation  is  prevented  by  positive  internal 
pressure  generated  by  tanked  air  or  a  col¬ 
lective  protector  unit. 

d.  A  shelter  intowhichmenthrust 
their  heads  and  arms,  contamination  bemg 
combated  by  positive  internal  pressure  as  in 
the  experimental  station  tested. 

e.  Eating  by  temporarily  lifting 
the  hood  and  mask,  holding  the  breath,  taking 
a  bite  of  food,  returning  the  mask,  then  the 
hood,  clearing  the  mask,  and  swallowing  the 
food. 


The  method.*  listed  above  can  be  con 
sid'red  as  those  to  be  employed  from  rear 
areas  to  the  actual  line  of  contact.  The  last 
method  is  the  most  hazardous,  primarily 
because  of  the  possibilities  for  food  contami¬ 
nation  and  for  contamination  of  the  inner  side 
of  tne  hood  or  the  mask  while  lifting  and 
replacing  them.  The  hazard  from  vapor 
would  be  increased  in  proportion  to  the  total 
amount  of  time  that  the  hood  and  mask  were 
off  during  eating.  Also,  the  possibility  for 
leakage  through  the  seal  of  the  mask  to  the 
face  would  increase  with  the  number  of  times 
the  hood  and  mask  were  lifted.  Development 
of  a  one-bite  package,  opened  readily  in  a 
manner  that  would  preclude  contamination, 
could  reduce  this  hazard  significantly.  Also, 
the  use  of  this  method  would  be  restricted  to 
those  troops  who  could  not  be  relieved  at 
least  once  during  a  24-hour  period  to  eat  in 
a  pressurized  station  similar  to  the  one 
tested.  The  lifting  of  the  hood  and  mask 
method  would  be  utilized  directly  to  the  rear 
of  the  forward  edge  of  the  battle  area  and 
within  walkmg  distance  of  it.  Further  to¬ 
ward  the  rear,  more  sophisticated  methods 
for  eating  in  contaminated  areas  could  be 
devised.  The  units  used  for  this  purpose, 
including  the  most  elementary  types,  could 
also  be  used  for  a  rest,  shave,  or  examination 
of  the  eyes  for  miosis. 

V.  CONCLUSIONS 

Sixteen  of  twenty-three  subjects  uorethe 
M17  mask,  E33  protective  hood,  and  per¬ 
meable,  impregnated  CBR  protective  clothing 
continuously  for  a  24-hour  period,  while  en¬ 
gaged  in  a  simulated  combat  situation.  At 
mealtimes,  after  the  first  24  hours,  the  men 
were  allowed  tb  remove  the  mask  for  inter¬ 
vals  while  in  a  protective  field-feeding  sta¬ 
tion,  and  the  wearing  trial  continued  for  a 
total  of  72  hours.  Eleven  masks  were  modi¬ 
fied  with  an  experimental  drinking  tube, 
which  led  to  a  canteen.  The  test  was  con¬ 
ducted  duringt  the  month  of  October.  The 
temperatures  at  the  time  of  the  field  trial 
ranged  from  53*  to  74*F. 

The  following  conclusions  were  reached: 

1.  The  test  indicated  the  feasibility  and 
practicability  of  combat  groups  maintaining 
an  unbroken  protection  interval  of  at  least  24 
hours  in  a  contaminated  atmosphere,  without 
undue  physiological  stram  caused  by  the 
present  standard  protective  ensemble.  This 
applies  principally  to  temperate-climatic 
conditions. 

2,  Healthy  men  who  attempted  to  escape 
from  prolonged  wearing  of  the  M17  mask  did 
so  because  they  were  poorly  motivated  or  felt 
the  mask  restricted  their  breathing.  During 
test  situations,  the  most  poorly  motivated 
persons  may  remove  the  mask  during  the 
nighttime;  some  men  may  remove  the  mask 
unconsciously  while  asleep.  Subjects  who 
would  remove  the  mask  in  gassed  areas  for 
reasons  of  comfort  are  usually  ignorant  of 
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the  danger  to  which  they  would  be  subjected. 
Experiences  reported  in  World  War  1  indi> 
cated  that,  even  in  trained  groups,  casualties 
did  occur  because  of  this  practice. 

3.  The  drinking  tube  is  a  practical  con¬ 
cept  in  mask  usage,  but  its  utility  value  ap¬ 
peared  to  be  restricted  to  the  ingestion  of 
wat»  r  The  tube  should  be  protected  so  that 
It  does  not  break  off  or  catch  onto  any  type 
of  obstacle. 

4.  The  portable  field-feeding  stationwas 
found  to  be  practical  and  a  morale  booster, 
because  it  allowed  the  subjects  (a)  a  brief 
respite  from  wearing  the  mask,  (b)  time  to 
smoke,  and  (c)  time  for  treatment  of  facial 
irritatior". 

5.  Training  in  wearing  the  protective 
ensemble  continuously  for  24  hours  isdesir- 
able  for  the  purpose  of  enabling  troops  to 
become  familiar  with  the  capabilities  of  the 
equipment,  to  develop  tolerance  to  its  dis- 


conforts,  and  to  learn  to  perform  their  mis- 
sions  efficiently  while  encumbered  with  the 
protective  ensemble. 

6.  Prolonged  mask  wear  produced  minor 
irritations  and  abrasions  on  th«  skin  of  the 
face  and  neck.  Severe  •  eadache,  once  a  major 
deterrent  to  prolonge*^  laskwear,  is  reduced 
by  the  new  M17  mask  design. 

7.  The  reduced  breathing  resistance  ar.d 
improved  design  of  the  M17 maskappearedto 
be  the  most  important  factors  contributingto 
the  ease  of  prolonged  wear. 

8.  Men  slept  less  soundly  than  in  their 
usual  habit  when  wearing  the  mask  and  hood, 
and  there  was  a  tendency  for  leaks  to  develop 
during  their  sleep. 

9.  While  the  wearer  slept,  the  pres¬ 
surized  hood  collected  condensed  exhaled 
moisture,  which  soaked  the  chest  and  back 
when  he  arose. 
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C  EXPERIMENTAL  DESIGN  FOR  USER  REVIEW  OF  CAMOUFLAGE  FOR  THE  INDIVIDUAL 
COMBAT  SOLDIER  by  A.  H.  Humphreys  anu  David  L.  Gee.  U.  S.  Army  Engineer  Research 
and  Development  Laboratories,  Fort  Belvoir,  Virginia 


The  experiments  on  which  this  paper  is 
based  are  a  part  ol  tne  User  Review  of  Cam- 
oueiage  for  tne  Individual  Combat  Soldier  in 
‘he  Field.  The  experiments,  using  visual, 
infiared  and  radar  detectors,  were  designed 
to  provide  reliable  information  onthe  detect¬ 
ability  of  various  combaluniformsuponwhich 
QMRs  for  research  and  development  of  future 
uniforms  and  personal  equipment  may  be 
based 

The  U.  S.  Army  Infantry  Board  was  as¬ 
signed  the  responsibility  forthe  conduct  of  the 
experiments,  and  the  U.  S.  Army  Corps  of 
Engineers,  Quartermaster  Corps,  Signal 
Corps,  and  Infantry  School  were  responsible 
for  technical  guidance  and  material  used  in 
the  experiments.  The  experiments  were 
conducted  at  Lae  Field  and  vicmity  at  Fort 
Benmng,  Georgia,  during  the  month  of  May 
1962. 

Previous  experiments  in  the  camouflage 
of  individuals  have  lor  the  most  part  been 
confined  to  visual  observation.  This  work  in 
the  past  was  highly  subjective  and  the  data 
obtained  consequently  were  influenced  by 
personal  opinion  and  other  factors.  The  ex¬ 
periments  on  which  we  are  reportmgutilited 
an  experimental  design  through  which  per¬ 
sonal  opinions  and  prejudices  should  be  over¬ 
come.  Such  an  experimental  design  has  net 
heretofore  been  attempted  in  this  field  of  en¬ 
deavor  and  thus  is  also  an  experiment  within 
the  User  Review, 

Six  different  uniform  ensembles  were  em¬ 
ployed  in  the  various  daytime  experiments— 
British.  USA  OG  10?  with  soft  hat  and  bando¬ 
leer,  USA  OG  107  with  helmet  and  webbing, 
USA  ERDL  1948  Camouflage  pattern.  Marine 
Corps  Mitchell  Camouflage  pattern,  and  Khaki 
No.  1  (Figure  1).  Two  other  uniforms  were 
used  only  in  the  night  experiments— OG  107 
with  an  infrared  pattern  ar.d^OG  107  with207p 
infrared  reflectance.  All  subjects  wore  cam¬ 
ouflage  face  paint  on  their  hands  and  faces, 
and  were  instructed  to  place  themselves  in 
positions  witn  a  cleai  view  totheO.P.  Either 
helmet  covers  or  foliage  were  used  on  hel¬ 
mets,  and  rifles  were  wrapped  with  burlap 
strips  to  reduce  weapon  shine. 

Observers  employed  in  the  User  Review 
we.®  21  enlisted  men  and  one  officer  shown  „i 
Figure  2. 

All  of  the  experiments  were  conducted  on 
or  in  the  vicinity  of  Lae  Field.  A  diagram  is 
inclosed  as  Figure  5.  The  12-day  experiment 
used  ranges  from  500  to  1800  meters.  Night 
experiments  were  conducted  on  ranges  of  100 
to  600  meters  without  moon,  and  on  100  to 
1,000  meters  with  full  moon.  The  far  range 
experiment  was  conducted  on  three  ranges 
diagonal  to  the  line  of  sight  from  2580  to 


3248  meters.  Each  range  as  shown  on  the 
diagram  had  two  range  guards,  two  tele¬ 
phones  for  secure  2-way  communication w.tn 
the  OP  Controller,  a  loud  speaker  system, 
and  two  range  panels  (one  on  'uther  side  of 
the  center  sector}. 

The  program  was  designed  to  be  com¬ 
pletely  random  is  shown  in  a  typical  day 
(Figure  4).  Ranges  (distance  in  meters), 
postures  (prone,  standi.ig,  kneeling,  walking 
laterally,  walking  forward)  and  uniforms 
were  randomly  presented  and  the  distribution 
of  men  across  the  sector#  .was  also  random. 
One  complete  senes  in  the  i2-day  experiment 
(six  uniforms  at  six  ranges  for  both  morning 
and  afternuun  ubservationi  required  boaysto 
con.plete.  Thus,  12  days  were  required  to 
complete  the  experiment  and  perform  one 
replication. 

The  OP  ControilQr  controlled  the  entire 
experiment  from  a  detailed  plan,  and  each 
range  guard  had  a  plan  for  his  range.  The 
Field  Controller  also  had  a  detailed  plan  for 
each  day’s  operation  and  served  as  the 
manager  and  ‘‘trouble  shooter"  down  rangO. 
The  OP  Controller  or  an  assistant  read  over 
the  field  telephone  the  programs  for  each 
observation  at  each  range  prior  to  the  ob- 
servation,  and  the  range  guard  at  tne  appro¬ 
priate  range  confirmedthe  random  placement 
of  subjects,  postures,  range  and  uniform,  and 
also  confirmed  the  readiness  of  nis  range  to 
proceed 

Each  observer  was  placed  at  a  small 
table  enclosed  by  a  booth  The  front  panel  of 
the  booth  was  fitted  with  a  standard  window 
shade  on  a  roller.  The  observer  raised  this 
shade  during  his  observations  and  lowered  it 
lo  obscure  the  range  between  observations 
All  observers  were  cautioned  not  to  discuss 
observations  with  anyone  during  the  course 
of  the  experiments.  The  observer  recorded 
his  observations  on  a  reaction  sheet  (Figure 
5)  which  was  provided,  in  duplicate,  for  eacn 
set  of  SIX  observations.  At  the  beginning  of 
each  set,  the  observer  entered  ms  name  and 
mode  of  observation.  He  als^  the 

observation  set  and  txnic  which  was  provided 
by  the  OP  Controller  who  was  situated  in  a 
tower  immediately  behind  the  observers 
(Figure  6). 

Upon  a  signal  from  the  OP  Controller  the 
two  range  guards  erected  the  range  panels  on 
either  side  of  the  center  sector  of  the  range 
in  operation,  e.g..  Range  A,  500  meters.  The 
OP  Controller  then  announced  over  the  loud 
speaker  system  to  the  observers  and  subjects 
dowrn  range,  the  time  and  range.  The  observer 
entered  this  information  on  his  reaction  sheet. 
The  OP  Controller  started  the  observation 


with  the  command,  “Commcnc^ObecrvftjOh." 
The  observer  marhod  th?*  number  of  detec¬ 
tions  he  made  in  each  sector  in  the  columns 
L,  C  and  R.  At  the  end  of  tic  prescribed  two 
mi'^utee  cDservation  time,  the  OP  Controller 
commanded  ' ‘Cease  Observation.*'  Whilethe 
obser^'ors  observed  On  range,  the  OP  Con¬ 
troller  or  an  assistant  prepared  for  the  next 
observation.  At  the  end  of  each  set  of  six 
observations  the  observers  were  givena  short 
break  away  from  the  observation  point  while 
the  subjects  down  range,  prepared  for  the 
next  set.  Each  Sft  of  observations  required 
approximately  30  minutes. 

The  reaction  sheets  for  each  set  of  ob¬ 
servations  were  collected  aftor  each  set  cf 
SIX  observations  and  delivered  to  the  data 
processing  van  where  they  -were  scored  for 
total  correct,  omissions,  and  commissions. 
This  information  was  then  placed  on  master 
sheets.  The  experiment  control  personnel 
were  thus  able  to  monitor  the  progreesofthe 
experiment  by  using  the  master  sheets  and 
mske  any  adjuatmento  necessary  in  proce¬ 
dures  of  tho  experimental  design.  It  also 
provided  the  opportunity  to  recognise  and 
explain  or  mako  adjustments  for  ar.y  unusual 
trends  in  tne  information. 

In  addition  to  ability  to  follow  tho  data 
approximately  ore  hour  after  any 
observation,  a  member  of  the  sxperlmenl 
control  team  called  the  Experiment  Con¬ 
troller  monitored  each  observation  fror<t  ths 
Obfcervation  Point  with  7x50  binoculars  to 
ensure  proper  distribution  and  display  of 
test  subjects,  recorded  sun  angl*',  cloud 
shadows,  time  of  each  observation,  and  any 
unusual  phenomena  during  the  observation 
(See  Figure  7).  When  in  his  Opinion  circum¬ 
stances  warranted  it.  the  Experiment  Con¬ 
troller  could  instruct  the  OP  Controller  to 
re-run  an  Individual  observation  at  the  end 
of  a  set. 

Two  other  experiments  were  conducted— 
the  Simulated  .Ambush  Experiment  then  the 
Slnr.ulated  Infiltration  Experiment— employ¬ 
ing  variation*  of  the  same  experimental 
design. 

The  Anibush  Experiment  (Sec  diagram 
(Figure  9}  also  used  '«andom  distribution  of 
subjects,  postures  and  uniforms,  and  also 


employed  three  sectors.  However,  the  panels 
ma-king  these  sectors  remained  in  place 
during  the  entire  experiment.  The  question¬ 
naire  used  in  the  IZ  day  experiment  was  also 
used  in  this  experiment.  The  major  differ¬ 
ences  between  this  and  the  U-day  experiment 
were  that  distances  were  shorter,  the  ob¬ 
servers  were  required  to  record  postures  as 
well  as  numbers  detected,  and  the  obse-vers 
were  moved  from  range  to  range  HZS  to  125 
to  50  meters)  while  the  subjects  remained 
along  the  assigned  fringe  of  the  woods.  As 
in  the  ease  of  the  U-day  experiment,  the 
subjects  vrere  instructed  to  taVe  positions 
with  a  clear  view  to  the  observers  (not 
screened  by  »ree8  and  bushes).  Figure  9 
IS  typical  of  the  program  used  in  the  Ambush 
Experiment. 

The  Infiltration  Experiment  exployed  four 
sectors  with  fixed  panels  to  divide  them  (See 
Figure  lOj.  A  random  distribution  of  subjects 
was  designed,  but subjectscoulaappearinany 
two  sectors  and  at  anyofthe  four  ranges  from 
the  observers.  The  observer*  were  situated 
as  shown  In  the  diagram  and  were  requiredto 
record  number*  detected  and  their  postures. 
The  observers  stayed  at  the  assigned  position 
oat  the  subjc'^ts  could  be  at  any  range— 75, 
U5,  175,  and  225  meters.  Figure  1 1  shows  a 
palt  of  the  program  used  m  the  Infiltration 
Experirrent,  The  reaction  sheet  employed 
was  -imllar  to  that  employed  in  the  12-day 
experiment  except  that  provision  was  made 
for  four  sectors. 

The  curves  included  in  this  paper  (Figures 

12  thru  21)  are  immediate  after-action  results 
and  show  ’‘percent  detections  a*  ofunctionof 
ranee.*’  These  general  trends  are  a  strong 
indication  that  our  method  is  valid  and  maybe 
employed  for  meaningful  experiments  and 
tests  of  camouflage  for  individual  soldiers. 
These  curve*  place  values  on  the  observers* 
responses,  Such  values  were  not  possible 
under  previous  method*  which  relied  on  a 
word  description  provided  by  the  observer. 

The  data  ccmpiied  during  the  User  Re¬ 
view  a  ;e  being  programmed  into  the  RCA  30 1 
computer  at  For*  Belvoir  and  we  are  hopeful 
mat  more  refined  data  will  be  forthcoming 
soo.i.  The  final  technical  report  or.  the  Review 
IS  scheduled  for  publication  early  in  19&3. 
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Figure  3.  Diagram  of  Ranges  for  12  Day  Experiment,  12  Night  Experiment.  Full  Moon  Experiment. 
Far  Range  Experiment.  White  Tee  Shirt  Experiment,  and  Poncho  Experiment 
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Figure  4.  Typical  experimental  program  for  the  morning  of  one  day 


Figure  5.  Observer  Record  Sheet 
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Figure  9.  Typical  experimental  program  for  Simulated  Ambush  Experiment 
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Figure  10,  SlmuUted  Inflltretlon  Experiment 
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Figure  ll«  Typical  experimental  program  for  Simulated  Infiltration  Experiment 
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Figure  18.  Simulated  Infiltration 


Figure  19.  Simulated  Infiltration 


Figure  21.  Simulated  Ambusli 


D.  HUMAN  FACTORS  AFFECTING  RIFLE  ACCURACY  IN  AUTO  AND  SEMI-AUTOMATIC 
FIRE  b>  James  P  Toite,  Jr..  U.  S.  Army  Human  Engineering  Laboratories,  Aberdeen 
Proving  Ground.  Maryland 


(This  IS  an  unclassified  abstract  of  the  paper  presented  at  the  Conference.) 


7  ne  U.  S.  Army  Human  Engineering 
Laboratories  were  requested  by  small  arms 
designers  to  specify  the  effects  of  various 
rifle  parameters  onaccuracyvdien  the  weapon 
was  fired  semi-automatically  and  automati¬ 
cally. 

The  paper  describes  several  studies 
which  were  conducted  by  the  Human  Engineer¬ 
ing  Laboratories  at  AberdeenProvingCround 
during  the  past  year. 

Data  were  presented 

(1)  For  semi-automatic  fire,  the  ef¬ 
fects  on  accuracy  of  three  different  types  of 
sights  in  combination  with  two  types  of 


stock  configurations  for  two  levels  of  time 
to  fire  were  reported. 

(2)  For  automatic  fire,  methods  of 
increasing  accuracy  were  obtained  and  the 
results  of  studies  conducted  by  Human  En¬ 
gineering  Laboratories  and  Ballistic  Re¬ 
search  Laboratories  were  presented.  The 
effects  of  several  rifle  parameters  such  as 
impulse,  cyclic  rate,  stock  configuration 
checking  quality,  etc.,  onaccuracy  whenfiring 
automatically  were  presented. 

Additional  studies  on  this  problem 
were  described  and  recommended  for  imple¬ 
mentation. 
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E.  OPERATIONAL  ASPECTS  OF  INCAPACITATING  AGENT  BZ  by  Richard  S.  Kneisel,  U.  S. 
Army  Chemical  Corps  School,  Fort  McClellan,  Alabama 


The  presentation  on  Operational  Aspects 
of  Incapacitating  Agent  BZ,  tc  the  Eighth 
Am  aal  Army  Hunnan  Factors  Engineering 
CorTerence,  17  October  at  the  U.  S. 

Army  Infantry  Center,  FortBenning, Georgia 
was  given  un  a  cia&siiied  basis.  The  follow¬ 
ing  represents  an  unclassified  summary. 

The  ultimate  objective  ofwar  is  to  Subject 
one  country’ s  will  to  another.  This  involves 
the  reduction  of  a  country’s  manpower,  re¬ 
sources  and  its  will  to  fight.  The  foundation 
for  all  of  a  country’s  resources  is  the  inner 
man. 

ihe  unclassified  film  “Armor  for  the 
Inner  Man,’’  shown  totheEighthAnnualArmy 
Human  Factors  Engineering  Conference,  de¬ 
picts  some  of  the  basic  research  that  the 
U.  S  Army  Chemical  Corps  engaged  in 
relative  to  incapacitating  agents.  The  film 
describes  some  of  the  compounds  that  were 
utilized  in  the  tests  and  describes  the  re¬ 
actions  of  the  individuals  engaged  in  the 
experimental  studies,  showing  specifically 
the  effect  of  certain  compounds  upon  a 
soldier's  performance  and  a  unit’s  perform- 
%>tice  in  various  types  of  situations  such  as 
marching,  artiUer>  surveys,  and  normal 
activities.  Film  emphasizes  that  there  is  a 
requirement  to  provide  armor  for  protecting 
the  inner  man.  The  incapacitating  weapon 
system  could  philosophically  be  called  the 
“ultimate  weapon”  in  that  it  theoretically 
causes  no  permanent  physical  damage  to 
man  or  his  materiel.  It  reduces  theoreti¬ 
cally  the  ability  or  will  of  a  man  to  fight. 
It  allows  him,  after  a  reasonable  length  of 
time,  the  capability  of  resuming  his  place  in 
the  scheme  of  activities. 

Incapacitating  agents  offer  a  possibility  of 
gaming  control  of  an  enemy  where  lethal  and 
destructive  weapons  systems  are  not  de¬ 
sirable.  This  incapacitation  may  be  physio¬ 
logical  or  mental.  The  incapacitation,  m 
order  to  be  effective,  must  result  in  the  ex¬ 
posed  individual's  being  incapable  of  per¬ 
forming  his  primary  military  duties  for  a 
militarily  significant  period  of  time 

The  agent  BZ  is  an  incapacitating  agent 
developed  by  the  Chemical  Corps  and  has 


been  type  classified  as  Standard  B.  Two 
munitions  to  disseminate  this  agent  have 
been  type  classified  as  Standard  B. 

As  in  all  combat  operations,  once  a 
tentative  derision  to  employ  the  incapacitat¬ 
ing  weapon  system  is  reached,  a  detailed 
analysis  of  the  situation,  viewed  in  the  light 
of  target  requirements  and  capabiL.ies  of 
the  agent  and  munitions,  must  be  undertaken. 
Such  factors  would  include  the  following 
location  of  the  target,  i  ature  of  size  and  shape 
of  the  target  area,  the  nature  and  tempera¬ 
ment  of  the  target  population,  time  of  attack, 
meteorological  conditions,  techniques  of 
attack,  munition  and  delivery  requirements, 
exploitation  requirements,  and  safety  factors. 
The  characteristics,  capabilities,  advantages, 
and  limitations  of  incapacitating  agent  BZ 
and  its  associated  munitions  and  delivery 
systems  would  be  an  integral  part  of  the 
planning  activities  and  the  ultimate  employ¬ 
ment  of  the  agent. 

Incapacitating  agent  BZ  has  temporary 
physical  and  psychic  effects  sufficient  to 
prevent  an  individual  from  going  about  his 
normal  duties.  The  individual  recovers  in 
a  matter  of  hours. 

With  the  broad  concepts  of  incapacitating 
agents  m  mind,  paying  particular  attentionto 
agent  BZ,  Human  Factors  Engineers  should 
consider  that  a  new  dimension  has  been  in¬ 
troduced  into  the  combat  situation.  This  new 
battlefield  concept  requires  reorientation  on 
the  part  of  all  personnel  associated  with 
military  activities. 

The  use  of  incapacitating  agents  gives 
rise  to  many  problems  that  Human  Factor 
Engineers  can  assist  in  answering.  For 
example  How  will  casualties  of  incapacitat¬ 
ing  agents  be  treated  and  handled'^  What 
sort  of  specialized  equipment  can  be  devel¬ 
oped  for  handling  BZ  casualties^  What  type 
of  training  problems  need  to  be  solved  when 
considering  incapacitators^  Each  partici¬ 
pant  in  the  coherence  should  bring  his 
thoughts  to  bear  on  the  new  field  so  as  to  see 
how  his  own  special  area  of  interest  might 
be  affected  by  the  introduction  of  incapacitat¬ 
ing  agents  into  battlefield  operations. 
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F  MANAGEMENT  OF  THE  H  S  ARMY  HUMAN  FACTORS  ENGINEFRING  PROGRAM  FOR 
THE  PERSHING  WEAPON  SYSTEM  by  John  R.  Enckson,  U  S.  Army  Human  Engineering 
Laboratories.  Aberdeen  Proving  Ground.  Maryland 


Several  vears  ago  human  factors  cngx- 
reerino  personnel  and  missile  system  '•* 
signex  3  differed  concerning  the  point  in  dev  el* 
opment  of  a  system  at  which  human  factors 
engineers  should  be  brought  into  the  design 
picture  to  assure  compatibility  between  the 
soldier  and  the  equipment  of  large,  complex 
veapon  systems.  During  this  period  of  the 
past  the  Human  Engineering  1  boratorier 
(HEL)  were  not  requested  to  evaluate  a 
system  until  the  system  was  fielded  or  in 
the  final  design  phase.  The  results  of  these 
evaluations  pointed  up  many  deficiencies  that 
should  have  been  corrected.  Design  person¬ 
nel  generally  adopted  the  view  that  had  these 
deficiencies  been  pointed  out  earlier  in  the 
development  cycle  they  could  have  been 
corrected.  The  cost  at  this  point  in  time 
was  prohibitive,  therefore  the  change  was 
withheld  until  such  time  that  a  major  modi¬ 
fication  warranted  the  cost  of  incorporating 
the  change  recommended  by  the  human  en¬ 
gineers 

This  situation  was,  of  course,  unsatis- 
fac  ary  to  all  concerned.  A  solution  was  not 
forthcoming  until  the  US  Air  Force  refused 
to  accept  the  JUPITER  Missile  System,  in 
part,  because  of  the  excessive  number  of 
human  engineering  deficiencies  in  the  ground 
support  equipment.  An  outcomeofthisaction 
by  the  US  Air  Foice  was  the  decision  to  give 
HEL  authority  to  evaluate  and  recommend 
design  changes  which  would  correct  the  human 
factor  deficiencies.  One  year  later  the  vast 
majority  of  these  deficiencies  had  been  cor¬ 
rected,  the  Air  Force  accepted  the  JUPITER 
System  and  the  Human  Engineering  Labora¬ 
tories  had  convincingly  demonstrated  that 
they  could  make  a  contribution  to  the  design 
of  missile  systems. 

During  termination  of  the  redesign  effort 
on  the  JUPITER  System,  the  Director  of  the 
System  Support  Equipment  Laboratory  (SSEL) 
of  the  Army  Ballistic  Missile  Agency  (ABMA) 
invited  HEL  to  develop  and  manage  a  human 
engineering  program  for  the  design  of  the 
PERSHING  Weapon  System  (See  Figures  1 
and  2).  Theofferwasacceptedandthe  Human 
Engine'*ring  Laboratories  were  launebedona 
major  deve’opment  program  at  the  beginning 
of  the  design  effort.  I  think  it  advisable  at 
tnis  time  to  specify  the  ground  rules  by  which 
tne  human  engineering  program  was  governed. 

1.  For  all  intents  and  purposes  Human 
Engineering  for  PERSHING  was  established 
as  a  brat  ch  of  the  System  Support  Equipment 
Laborat  iry  of  ABMA  with  status  equal  to  other 
branches  of  that  laboratory.  However,  the 
personnel  remained  employees  of  HEL. 

2.  It  was  the  responsibility  of  theHunian 
Engineers  to  attend  all designmeetings which 


affected  the  design  of  the  operational  aspects 
of  the  system  and  to  be  prepared  to  con¬ 
tribute  facts  bearing  on  the  operator’s  capa¬ 
bilities  and  limitations 

3  It  was  the  responsibility  of  the  Human 
Engineers  to  bring  to  the  attention  of  the 
Director  of  SSEL  any  problems  conce’  ing 
Human  Engineering  for  which  the  HumanEn- 
gineers  could  not  obtain  a  satisfactorv  solu¬ 
tion. 

4.  Although  SSEL  held  primary  responsi¬ 
bility  for  System  design  and  development  to 
the  PERSHING  WcaponSystem Office,  ABMA, 
detail  design  was  performed  by  the  prime 
contractor,  sub- contractors,  other  labora¬ 
tories  within  the  ABMA,  other  Ordnance 
Cofnmands,  such  as  Picatmny  Arsenal,  and 
Ordnance  Tank  and  Automotive  Command,  and 
other  tc'chnxcal  services,  primarily  Corps  of 
Engineers  and  Signal  Corps.  The  Human 
Engineers  were  respo.isibile  to  the  Director 
of  SSEL  to  insure  that  the  potential  operators 
were  given  adequate  consideration  in  the  de¬ 
signs  generated  by  all  participants,  and  when 
the  individual  designs  were  put  together,  the 
Army  would  have  an  integrated  systemwhich 
could  perform  the  mission  specified  wilhm  the 
requirements  of  the  Military  Characteristics 
with  a  minimum  training  requirement  and  a 
minimum  requirement  for  specialised  per¬ 
sonnel 

5.  This  would  be  primarily  an  exercise 
in  Applied  Human  Factors  Engineering.  By 
this  we  mean  that  the  Human  Factors  En¬ 
gineer  would  act  as  the  bridge  between  the 
Human  Factors  Research  specialist  and  the 
vjeapon  System  designer.  Another  way  to 
state  this  IS  that  this  was  a  four-year  de» 
velopment  program.  We  started  with  two 
Human  Factors  specialists— one  a  psycholo¬ 
gist,  the  other  an  engineer.  Tho  pace  of 
the  program  and  the  staffing  would  not  per¬ 
mit  many,  if  any,  formalised  studies,  in  the 
classical  sense.  The  majority  of  decisions 
and  inputs  would  have  to  be  made  on  the  spot 
with  little  time  for  cogitation  but  much  time 
for  regret.  In  order  to  make  intelligent  “on- 
the-spot”  decisions,  the  human  factors  spe¬ 
cialist  had  to  have  a  wealth  of  experience  and 
a  thorough  knowledge  of  the  field  of  huma'> 
engineering.  He  would  have  to  be  able  to  in¬ 
terpret  results  from  previous  research  into 
applicability  to  the  present  design  problem  and 
then  present  this  information  to  the  design 
enginer  in  a  manner  which  the  engineer 
would  accept.  In  addition,  he  would  have  to  be 
able  to  pace  the  programandanticipateprob- 
lem  areas,  early  enough  to  permit  obtaining 
an  answer,  in  time  to  influence  the  design 
decision. 


The  following  approach  was  taken  by  the  d.  Azimuth  Laying  engineer.  Th.sis 

il/rran  ETneineering  Laooratones  personnel  the  other  area  wnere  tne  soldier  can  make  or 
to  discharge  their  responsibility  tothe  Direc-  break  the  system  Physicists,  mechanical 

tor  of  tho  System  Support  Equipment  Labora-  and  electrical  engineers  combine  their  talents 

to  develop,  to  the  limitations  of  ihe  state  of 

L  Provide  guidancetorepresentativesof  the  art,  the  equipment  required  toaccurately 
other  technical  services  on  the  design  of  lay  the  missile. 

PE  <SHING  peculiar  equipment  for  which  they  e.  Systems  Engineer.  The  systems 

:.old  development  responsibility,  namely  the  engineers  are  responsible  for  over-all  sys- 

Power  Station  and  the  Radio  Terminal  Set.  tern  integration,  particularly  as  concerns  co- 

2.  Provide  guidance  to  other  Oranance  ordination  with  Ordnance  Tank  and  Auto- 

Commands  nn  the  design  of  PERSHING  pe-  motive  Command  for  vehicles,  Signa’  Corps 

culuar  components  for  which  they  hold  de-  for  communication  equipment,  and  Corps  of 

veiopmcnt  resfionsibility,  namely  the  war-  Engineers  for  power  generating  equipment 

head,  its  te««ts  equipment  and  container,  and  and  other  items  such  as  winterization  kits 

the  sv^tem  vehicles.  and  shop  sets. 

3  Participate  in  ali  design  meetings  It  was  not  long  before  it  became  apparent 

be»ween  A-my  Ballistic  Missile  Agency  per-  to  all  concerned  that  in  order  to  ensure  a 

sonnet  ,ind  the  contractor,  whenever  the  uniform  and  systematic  application  of  human 

a^’cnda  '-eluded  areas  of  imerest  to  human  factors  criteria  to  the  design  of  this  system, 

factors.  an  official  docum.cnt  spelling  o-t  these  cri- 

4.  Develop  a  close,  personal  working  teria  was  required  As  a  result,  the  con- 

relalio.iship  witn  the  contractor’s  human  tractor’s  hum.an  engineering  perso.mel  and 

factors  engineering  group  to  msure  that  they  representatives  of  the  Human  Engineering 

are  participating  in  the  detailed  design  of  the  Laboratories  jointly 

system  on  a  continuing  day-to-day  basis  and  which  later  became  known  as 

to  uncover  unsolved  design  problems  of  a  Development  Specifications  for  Weapor.^s- 

numan  factors  nature  in  order  to  bring  about  tern  Human  Factors  Design  Criteria,  Speci- 

a  solution  as  early  as  possible  fication  No  ABMA-XPD-844.  Thxsdo^m-ent 

5.  Develop  a  close  personal  working  was  staffedtnroughtheSystemSupportEquip- 

reUtionship  with  the  following  cognizant  ment  Laboratory,  PERSHING  WeaponSystem 

engineers  at  ABMA.  Office,  and  concurred  in  by  the  Guidance  and 

a  Electrical  networks  engineer  for  Control  I^aboratory  and  the  System  Analysis 

both  ground  support  and  airborne  equipment.  and  Reliability  Laboratory  of  the  Army  Bal- 

This  was  important  because  the  electrical  hstic  Missile  Agency  Incidentally,  to  the 

networks  are  *he  roau  maps  of  the  system,  best  of  our  knowledge,  tnis  was  the  first  time 

they  describe  the  flow  of  commands  ano  that  a  human  factors  specificat.Cii  was  devel- 

responses,  as  well  as  theflowof  information,  oped  for  and  used  throughout  the  development 

and  they  are  the  means  by  which  the  operator  o£  a  major  Army  Weapon  System, 

controls  his  system.  Theelectricalnetworks  About  the  ti.ne  that  the  need  for  a  Human 

engineer  also  develops  the  layout  of  control  Factor  Criteria  became  apparent,  it  also 

panels  and  the  arrangement  and  configuration  became  apparent  that  a  full-time  representa- 

of  electrical  test  and  checkout  equipment.  tive  was  required  at  ABMA  to  act  as  our 

b.  Computer  engineer.  In  this  sys-  liaison  As  a  result,  one  ofHEL  s  represent- 

tem,  compatation  of  the  firing  problem  and  atives  was  placed  on  extended  TDYtoABMA. 

transmission  of  this  information  to  the  air-  At  a  later  date,  aHumanFactorsEngineermg 

borne  equipment  is  the  responsibility  of  com-  Requirements  Coordination  Office  was  estab- 

puter  engineer.  This  engineer  hastodeveiop  lishcd  at  ABMA.  This  office  has  recently 

the  means  by  whichthe  soldier  communicates  been  incorporated  into  the  Engineering  Re- 

wxth  the  computer,  how  he  adjusts,  repairs,  quirements  Coordination  Office,  which  inturn 

and  determines  faults  in  the  computer.  He  is  a  staff  office  of  the  Director  of  Research 

also  determines  the  requirements  which  will  and  Development  for  the  Army  Missile  Com¬ 
be  placed  on  the  soldier andthe  requirements  mand. 

whichwill  be  placed  on  the  computer.  To  recap  the  foregoing,  we  are  able  to 

c  Handling  equipment  engineer.  Me-  manage  the  Human  FactorsEngineeringPro- 
enamcal  design  engineers  are  responsible  for  gram  fo  the  PERSHING  Weapon  System* 
tno  development  of  the  handling  equipment  because: 

required  to  assemble,  transport,  and  fire  1.  Representatives  of  the  Human  En- 

the  missile.  This  is  the  area  in  which  most  gineering  Laboratories  provided  guidance  to 

of  the  system's  manual  tasks  will  be  per-  other  Army  Technical  Services, 

formed,  and  it  is  in  thisareathat  information  2.  They  provided  guidance  to  other  Ord- 

relative  to  the  soldier’s  physical  character-  nance  Corps  agencies. 

istics  IS  required  This  is  the  area  in  which  3.  They  monitored  the  contractor  s  hu- 

teamwerh  witnn  the  firing  crew  v.ll  be  very  ma‘.  factors  efforts. 

important  and  this  is  one  of  the  areas  where  4  They  worked  directly  with  the  de- 

the  soldier  can  make  or  break  the  system.  signers  at  all  phases  of  system  development 


5.  They  were  accepted  by  the  Army 
Ballistic  Missile  Agency  as  a  part  o£  their 
design  t^am. 

6.  A  Human  Factors  Development  Speci¬ 
fication  was  prepared  early  in  the  design  ef¬ 
fort  and  has  been  utilized  throughout  the  pro¬ 
gram 

.  A  Human  Factors  Engineering  Re- 
q.iirement  Coordination  Office  was  estab- 
lishca  at  the  Army  Ballistic  Missile  Agency. 
Incidentally,  this  office  appears  to  be  develop¬ 
ing  a  capability  to  handle  more  and  more  of  the 
applied  human  factors  responsibility  in  the 
development  of  Army  Missile  Systems, 

It  may  be  appropriate  to  spend  a  moment 
to  reflect  on  the  differences  in  the  roles  of  a 
human  factors  engineer  when  employed  by  the 
Army  as  opposed  to  being  employed  by  a 
contractor. 

I  believe  that  in  both  instances  the  indi¬ 
vidual  human  factors  engineer  is  ultimately 
responsible  to  the  soldier  to  provide  him  with 
a  system  which  he  is  capable  of  operating  m 
all  t^'pes  of  environment  with  a  minimum  of 
training. 

The  major  difference  in  the  two  positions 
IS  that  the  contractor's  HumanFactors  Engi¬ 
neer  IS  responsible  for  detail  design,  that  is, 
nuts  and  bolts,  knobs  and  dials,  accessibility, 
determining  operating  times  and  operating 
forces  for  all  components  of  the  system  as 
they  are  being  developed. 

The  Army's  human  factors  engineer  is 
responsible  to  provide  direction  to  overall 
effort,  determine  compatibility  withthe  Army 
system,  logistics,  operation,  training,  etc. 
The  Army’s  human  factors  engineer  should 
also  participate  in  the  test  and  evaluation  of 
the  system.  1  believe  that  he  should  be  re- 
quireo  to  tram  a  crew  to  operate  system 
components  as  they  become  available  and 
later  operate  the  system  in  a  tactical  con¬ 
figuration  to  insure  thattheArmy  is  obtaining 
the  system  which  it  requires. 

Steps  which  have  been  taken  to  improve 
the  effectiveness  of  the  contractors  Human 
Factors  Engineers  includes:  (1)  requiring 
detailed  accountability  to  the  proj'ect  office 
for  ail  comments  generated  by  the  Human 
Engineering  Laboratories  representatives, 
(2)  active  participation  m  formal  presenta¬ 


tions  to  the  Army,  such  as  ^’ERSHING 
Component  Exhibits,  (3)  formal  Human  En¬ 
gineering  meetings,  (-1)  Human  Factors  De¬ 
velopment  Specification,  (5)  Ordnance  Pro¬ 
curement  Instruction  which  directs  the 
contractor  to  consider  the  human  factor  in 
the  development  cycle,  and  (6)  frequent  con¬ 
tact  with  the  Army’shumanfactors specialist 
responsible  for  the  system  under  develop¬ 
ment. 

Steps  which  have  been  taken  to  improve 
the  effectiveness  ofthe Army’shumanfj'ctors 
engineers  include. 

1.  The  acceptance  by  the  Army  Missile 
Command  of  HumanEnginecring  as  a  contrib¬ 
uting  member  of  the  design  team. 

2.  The  recognition  of  the  need  for  and 
the  development  of  a  Human  FactorsSpecifi- 
cation,  ABMA  XPD-844. 

3.  The  development  of  a  capable  Human 
Factors  Engineering  Requirement  Coordina¬ 
tion  Office  at  the  Army  Missile  Command. 

4.  An  Army  Human  Factors  Program 
which  reflects,  in  the  area  of  weapon  system 
development,  experience  gained  from  the 
PERSHING  program 

5.  An  increased  awareness  of  the  de¬ 
sirability  ox  closer  coordination  between  the 
Human  Engineering  Laboratories,  Army  Per¬ 
sonnel  Research  Office andHumanResources 
Research  Office. 

In  summary,  1  have  discussed  the  fol¬ 
lowing  areas  as  related  to  managing  the  con¬ 
tinuing  evaluation  of  the  development  of  the 
PERSHING  Weapon  System* 

a.  T'  e  Human  Engineering  Labora¬ 
tories  definition  of  APPLSD  HUMAN  FAC¬ 
TORS  ENGINEERING. 

b.  Approaches  taken  to  coordinate  the 
human  factors  engineering  activities  at  the 
several  Army  agencies  holding  design  re¬ 
sponsibility  for  portions  of  the  system  and 
monitor  the  efforts  of  the  contractor's  human 
factors  engineering  group. 

c.  The  roles  filled  by  the  Army 
human  factors  engineers  and  the  contractor's 
human  factors  engineer. 

d.  Steps  which  have  been  taken  tom- 
crease  the  effectiveness  of  both  types  of 
human  factors  engineers. 
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CHUPTOIS 

DESIGN  FOR  COMBAT  SUPPORT 
CONFERENCE  SESSION  ll-B 

A.  AN  EXPERIMENT  IN  QMC  SYSTEMS  RESEARCH:  A.  Levin;  U.S.  Army  Quartermaster 
Research  aird  Engineering  Command,  Natick,  Massachusetts 

B.  EFFECTS  OF  ATMOSPHERIC  NOISE  LEVEL  AND  WORK  METHODS  ON  RADIO  TELE¬ 
PHONE  message  TRANSCRIPTION.  Anthony  E.  Castelnovo;  U.S.  Army  Personnel 
Research  Office,  Washington,  D,  C. 

C.  CONSTRUCTION  EQUIPMENT  DESIGN  RECOMMENDATIONS  TO  IMPROVE  OPERATOR’S 
AND  MAINTENANCE  MEN'S  VOCATIONS  Elmer  A.  Kemp,  Chairman  of  SAE,  CIMTC 
Subcommittee  XVIH  -  Human  Engineering 

D.  AN  EVALUATION  OF  PHOTO  DISPLAY  MODES  FOR  EXTRACTION  OF  INTELUGENCE 
INIORMATION.  Abraham  H  Birnbaum,  U.S.  Army  Personnel  Research  Office,  Washing¬ 
ton,  D.  C, 

E.  HUMAN  FACTORS  EVALUATION  OF  MASK,  ANTI-FLASH,  ROCKET  LAUNCHER,  M19: 
Samuel  £.  Jackson  and  Major  Ernest  R.  Clovis,  MSC,  U.S.  Army  Chemical  RttO  Labora¬ 
tories,  Army  Chemical  Center,  Maryland 

F.  THE  DISPLAY  EVALUATIVE  INDEX.  A.  L  Siegel,  W.  Miehle,  and  P.  Federman;  Applied 
Psychological  Services,  Wayne,  Pennsylvania 


A.  AN  EXPERliJENT  IN  QMCSYSTEMSRESEARCHby AlexanderLevin,  U.  S.  Army  Quarter¬ 
master  R&E  Command,  Natick,  Mass. 


INTRODUCTION  AND  BACKGROUND 

In  military  operations,  the  performance 
of  men  working  as  a  team  or  crew  is  of 
ev  *r-incre3sing  importance.  Small  units 
such  as  squads,  gun  crews,  mineteams,  etc,, 
historically  have  formed  the  baste  human 
composite  for  military  tasks,  and  as  contact 
with  remote  geographic  regions  continues, 
the  value  of  the  small,  integrated,  and  self- 
sufficient  unit  becomes  evenmore  important. 
Recent  activities  in  the  Far  East  have  re- 
emohasized  the  value  of  small  groups  of  per- 
sox.  I,  Moreover,  in  Polar  Regions  par¬ 
ticularly,  it  IS  expected  that  such  a  unit  H-S 
men)  will  work  together,  cook  and  eat 
together,  and  share  the  same  sbetter.  Yet, 
at  present,  available  information  on  measure¬ 
ments  of  groups  of  military  personnel  ap¬ 
pears  to  be  inadequate  While  much  research 
has  been  focused  on  individual  performance, 
much  less  systematic  w'ork  has  been  ac¬ 
complished  on  small  group  and  small  system 
performance  measurements  f2|. 

If  you  have  been  to  the  Arctic,  I  need  not 
emphasize  the  burdenimposed  by  clothing  and 
■iquipment  which  are  essential  merely  for 
survival.  For  example,  for  a  small  opera¬ 
tional  unit,  precise  planning  of  an  integrated 
assemblage  of  rations,  fuel,  shelter,  clothing, 
and  operational  tools  is  always  necessary. 
Moreover,  considerable  effort  and  time  must 
be  expended  i.i  procuring  and  assembling  the 
myriad  of  required  items  and  components 
from  supply  sources  because  of  the  manner 
in  which  these  items  are  stocked.  In  spite 
of  continuous  efforts  of  Quartermaster  Corps 
scientists  and  engineers  to  reduce  the  num¬ 
ber  of  Items  used  in  military  operations, 
continually  changing  requirements  produced 
by  changes  in  military  and  technological 
situations  tend  to  expend  the  complexity  of 
equipment  required  for  the  care  and  feeding 
of  troops.  However,  some  progress  has 
been  made.  For  example,  tariffs  of  clothing 
sizes  have  been  reduced,  tentpole- stovepipe 
combinations  have  been  tried,  and  a  uni¬ 
versal  single  combat  uniform  has  been  pro¬ 
posed  |3]. 

One  of  the  problems  frequently  experi¬ 
enced  is  hat  the  evaluation  of  a  new  item  or 
requirc’rent  is  generally  developed  from 
measure  nents  and  analyses  based  on  the 
relative  .••erits  of  comparable  items.  More¬ 
over,  the  parameters  which  help  to  define 
Quartermaster  system  design  criteria  are 
seldom  specified.  In  the  past,  research  has 
beer  carried  out  with  a  focus  on  those  psycho¬ 
logical,  physiological,  and  biophysical  pa¬ 
rameters  which  are  based  upon  the  limita¬ 
tions  of  the  i-idividual  rather  than  the  group. 
Likewise,  tesic  and  evaluatic*  of  materiel 
have  tended  to  focus  on  the  .  ..utations  of 


individual  items  with  little  emphasis  on  over¬ 
all  system  effects. 

In  1959  an  opportunity  was  presented  for 
studying  small  military  groups  operating  over 
the  Greenland  Ice  Cap  [1],  always  a  logistic- 
ally  formidable  problem.  Probablythere  are 
not  many  other  portions  of  the  earth  in  which 
the  capaoxlities  of  men,  equipment,  and  or¬ 
ganizations  are  stressed  by  unusual  extremes 
of  climate  and  terrain  as  they  are  in  this 
Polar  Region.  It  was  felt  ^hat  in  s.iuch  a 
situation  some  information  could  be  deve.oped 
on  the  following  questions 

a.  Can  operational  factors  influencing 
logistics  at  tlie  lowest  unit  level  be  identified 
and  measured  objectively’ 

b.  What  IS  the  relation  of  small  system 
components  to  an  overall  objective  measure¬ 
ment  of  effectiveness  of  the  entire  system’ 

c.  Can  a  methodology  be  developed  to 
assess  Quartermaster  Corps  components  on 
a  system  basis’ 


CONCEPT  AND  PROCEDURE 

As  was  implied  earlier,  the  complexity  of 
modern  military  technology  has  intensified 
the  need  for  system  engineering.  Even 
though  individual  components  may  satisfy  all 
of  their  specifications,  they  may  not  fulfill 
their  function  when  combined  as  a  system.  In 
general,  a  system  is  defined  as  an  assemblage 
of  objects  functioning  m  interaction.  In  this 
study  It  is  specifically  an  intimate  interaction 
between  assemblages  of  equipment  and  groups 
of  men  working  to  accomplish  a  common  ob¬ 
jective  in  an  extreme  environment. 

The  concept  of  the  system  investigated  in 
this  study  IS  illustrated  in  Figure  1.  Three 
discrete  objects  are  distinguished  as  the 
interdependent  system  components,  the 
module,  the  pomms,  and  the  tasks.  The 
module  identifies  a  basic  group  consisting  of 
SIX  men.  In  this  experiment  the  module, 
hereinafter  called  the  group,  was  the  basic 
deciSion-making  unit  and  in  addition  per¬ 
formed  the  essential  military  tasKS.  The 
pomms,  hereinafter  called  assemblages  or 
materiel  systems,  were  used  by  each  group 
during  some  portion  of  the  experiment. 

The  traditional  basis  for  selecting  a  sys¬ 
tem  of  ‘.terns  has  been  to  determine  how  well 
it  protected  one  from  environmental  stress; 
however,  the  design  and  selection  of  system 
components  may  also  be  based  on  reduction 
of  the  load  placed  on  support  systems.  This 
latter  alternative  was  the  viewpoint  em¬ 
phasized  in  this  investigation.  Thus,  the 
measurement  of  fuel  and  food  energy  inputs 
was  used  as  an  index  of  relative  load  value 
placed  on  supporting  systems.  The  value, 
however,  cannot  be  judged  on  this  factor 
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alone,  but  must  be  related  in  some  way  to  a 
measurable  output  which  is  representative 
of  the  operation  of  the  system  as  a  whole. 
The  tasks  designate  related  networks  of 
daily  actions  in  which  groups  of  personnel 
and  assemblages  of  equipment  interact  to 
accomplish  a  standard  objective  measured 
in  s‘andard  units  of  time,  distance,  and 
mass. 

The  study  was  carried  out  on  the  Green¬ 
land  Ice  Cap  near  Camp  Fistclench,  at  ap¬ 
proximately  latitude  ?6*59’N,  longitude 
56*4'W  and  an  elevation  of  7,000  feet.  Fig¬ 
ures  2  and  3  illustrate  the  conditions  typical 
of  the  area,  as  well  as  the  facilities  developed 
to  support  the  conduct  of  the  study  in  three 
separate  areas  which  were  isolated  from 
each  other.  The  study  was  conducted  during 
a  six-week  period  from  the  middle  of  July 
to  the  end  of  August.  This  period  of  time 
was  selected  for  the  initial  study  to  minimize 
exposure  to  extreme  environments  associated 
with  seasonal  changes.  Nevertheless,  this 
time  frame  gave  adequately  variable  and 
increasingly  severe  climatic  conditions  fora 
reasonable  study.  Figure  4  shows  the  en¬ 
vironmental  conditions  measured  during  the 
six-week  period  of  the  study.  Note  that 
temperatures  above  freezmg  were  encoun¬ 
tered  for  a  very  short  time  during  the  second 
period,  and  the  decline  in  temperatures  below 
freezing  continued  thereafter.  The  low  of 
minus  18*F  occurred  during  a  non- 
experimental  day. 

The  plan  for  the  study  .included  three 
possible  assemblages  of  equipment  typical  of 
those  intended  for  use  by  military  units  that 
will  live  and  operate  in  the  Arctic  environ¬ 
ment.  Three  groups  of  six  men  (Alpha, 
Bravo,  Charlie,  Table  I)  were  associated 
with  each  equipment  system  used  to  ac¬ 
complish  a  senes  of  tasks  on  which  meas¬ 
urements  could  easily  be  obtained.  Each  of 
the  materiel  systems  was  used  by  each 
group  for  six  days.  During  this  period  each 
group  followed  a  schedule  of  controlled 
activities.  At  the  completion  of  a  cycle  (i.e., 
three  weeks),  during  which  each  group  usea 
all  three  systeT»»5  for  six  days  each,  the  per¬ 
sonnel  of  each  group  were  realigned  into 
tnrae  new  groups,  ore  of  which  had  to  be 
eliminated  from  the  study  for  medical 
reasons,  thus  leaving  data  on  two  groups  for 
the  second  cycle  (Delta,  Echo,  Table  I). 

TABLE  I 


Ayerage^f  Group  Characteristics 


Age 

Height 

Educ 

Weight 

(Years) 

(Inches) 

Level 

(Pounds) 

Alpha 

23.2 

68.6 

11.0 

163.0 

Bravo 

23.2 

69.2 

11  2 

153.4 

Charlie 

20.6 

70.0 

lO.S 

161.2 

Delta 

19.6 

70.3 

10  8 

164.2 

Echo 

22.0 

69.2 

11.0 

156.2 

The  groups  were  organized  from  vol¬ 
unteer  military  subjects.  Each  of  the  groups 
was  composed  of  one  officer,  one  non¬ 
commissioned  officer,  and  four  enlisted  per¬ 
sonnel.  The  characteristics  of  groups  are 
shown  in  Table  I.  Physical  conditioning, 
pretesting,  and  orientation  took  place  at  Fort 
Lee,  Virginia.  Indoctrination  in  the  use  of 
equipment  and  procedures  took  place  on  site 
in  Greenland. 

The  materiel  systems  were  selected  on 
an  empirical  basis  to  provide  three  levels  of 
accommodation  which  differed  in  the  t  pe  of 
shelter,  food,  and  heat.ng  equipment  used. 
Each  materiel  system  was  dividrd  into  five 
subsystems  to  obtainmarageable  groupings  of 
components.  These  functional  groupings  in¬ 
clude  (1)  clothing,  (2)  shelter  and  protection, 
(3)  heating,  (4)  food,  food  service  and  sani¬ 
tation,  and  (5)  operational  equipment.  The 
materiel  systems  used  were  limited  to  items 
of  QMC  cognizance.  Therefore,  weapon  sys¬ 
tem  components  were  not  included.  An  ex¬ 
ample  of  a  major  difference  between  systems 
IS  illustrated  in  Figures  5,  6,  ana7.  Althougn 
several  designs  of  the  type  of  shelter  shown  in 
Figure  5  were  preplanned  and  available,  the 
groups  were  encouraged  to  and  did  apply  their 
ingenuity  to  create  their  own  in__situ  type 
shelter  design  and  their  own  construction 
procedures. 

Wherever  possible,  tasks  and  environ¬ 
mental  conditions  were  equated  for  all  three 
groups.  The  control  of  activities  involved 
grouping  daily  tasks  typical  ofthose  required 
of  United  States  military  personnel  operating 
m  such  an  environment.  These  activities 
provided  for  two  types  of  experimental  days 
one  involving  individual  load  movement  as 
shown  in  Figure  8,  and  the  other  involving 
load  movement  by  the  group  as  pictured  xn 
Figure  9.  The  study  was  designed  to  evaluate 
the  three  types  of  assemblages  as  well  as  to 
provide  measures  of  the  interaction  between 
the  groups  and  the  materiel  systems. 

Instrumentation  was  limited  to  that  re¬ 
quired  to  measure  time  to  accomplish  tasks, 
weight,  volumes,  and  distances.  Subjective 
measurements  were  obtained  through  ques¬ 
tionnaires,  diaries,  and  interviews  (1). 

RESULTS  AND  EVALUATION 

In  this  study,  emphasis  was  directed  at 
obtaming  measurements  which  could  be  used 
to  ’iscriminate  between  the  effectiveness  of 
each  system  as  a  complete,  integrated  unit. 
This  was  accomplished  by  studying  the  out¬ 
puts  produced  with  each  system  and  the  in¬ 
puts  required  to  maintain  or  support  each 
system. 

Output 

Three  categories  of  output  effectiveness 
were  assumed.  These  involved  measure¬ 
ments  to  obtain  habitational,  restorational, 
and  operational  characteristic  values. 
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The  f>rst  (habjtational)  mvolved.summa* 
tions  of  time  to  accomplish  all  jobs  related 
to  merely  living  in  the  environment,  suchas, 
erection  and  dismantling  of  shelters,  prep¬ 
aration  and  consumption  of  meals,  personal 
maintenance,  etc  Values  for  this  category 
were  fouiid  to  be  too  complex  and  inconsistent 
beca  ise  of  inadequate  time  keeping.  This 
occurred  because  of  some  overlapping  of 
activity  time  and  insufficient  instrumentation. 

The  second  category  (restorational)  in¬ 
volved  the  physiological  effect  of  the  materiel 
systems  upon  the  groups  as  reflected  by  the 
net  loss  or  gam  m  Dody  weight  for  each 
period.  The  weight  Joss  orgainofthc  groups 
using  the  different  assemblages  under  the 
experimental  cunuitions  indicated  a  trend 
favoring  the  group  shelter  design.  The  net 
losses  for  systems  A  and  B  over  the  total  of 
experimental  periods  were  4.5  pounds  and 
6.8  pounds,  respectively.  Groups  associated 
with  materiel  system  C  had  a  net  loss  of  22.3 
pounds. 

To  examine  the  third  category,  criteria 
of  the  operational  output  advantages  of  one 
system  over  another  were  evaluated.  Ac¬ 
cordingly,  the  rates  of  movement  of  groups 
when  using  the  different  materiel  systems 
were  studied  Figure  10  focuses  on  the 
n*  ability  factor  and  indicates  that  the  rate  of 
movement  was  not  necessarily  best  for  the 
lightest  weight  system.  It  ispcrtinenttonote 
that  the  advance  of  lower  temperatures  with 
time  improved  trafficabihty  and  influenced 
the  rates  of  movement  for  all  systems 
significantly. 

In  Figure  11,  the  transportability  factor 
IS  plotted  based  upon  the  rate  at  which  the 
total  operational  tasks  v^ere  accomplished. 
For  the  same  unit  load,  differences  in  the 
two  methods  of  transport  are  clear.  Sled 
pulling  can  be  seen  to  be  superior  to  back- 
carrying. 

Total  system  output  was  considered  to  be 
limited  to  the  work  done  with  the  specific 
operational  tasks  of  sled  pulling  and  pack- 
carrying.  Figure  12  charts  the  level  of  effort 
imolved  for  each  system.  These  data  were 
obtained  directly  from  the  operational  loads 
pulled  or  carried.  Although  a  consistent 
level  of  effort  should  be  expected,  the  vari¬ 
ability  in  the  data  is  due  to  load  change  as 
food  and  fuel  were  consumed  and  to  alteration 
in  distances  over  which  the  load  was  moved. 
Except  for  the  first  period,  the  mean  of  the 
data  ii-iuls  towards  a  fairly  Hat  but  gradually 
»s»ng  characteristic  for  two  of  the  systems 
tA  and  B),  which  confirms  the  fact  that  load 
and  distance  were  fairly  constant.  The  trend 
of  materiel  system  C  is  gradually  downward 
and  it  14  believed  to  be  the  result  of  living  in 
splintered  groups,  that  is,  in2'man  shelters, 
when  exposed  to  increasing  severity  of 
weather.  This  is  also  suggested  by  the  net 
weight  losses  experienced  by  the  groups 
associated  with  this  materiel  system,  C. 


Input 

Two  of  the  basic  inputs  to  any  man- 
machine  system  performance  are  energy 
supply  and  maintenance,  and  in  the  group- 
materiel  system  concept  the  energy  supply 
was  in  the  form  of  food  and  fuel.  Figure  13 
charts  the  food-fuel  inputs  for  each  of  the 
three  systems.  Although  some  differences 
in  food  input  were  noted,  they  were  not  signif¬ 
icant.  The  fuel  input  required  by  each  of  the 
systems  is  quite  different  and  is  responsible 
for  the  differences  noted  in  Figure  13.  The 
energy  cost  in  fuel  for  assemblage  B  is  im¬ 
mediately  obvious.  The  low  fuel  require¬ 
ment  for  assemblages  A  and  C  suggest  that 
economies  in  fuel  may  be  obtained  by  smaller 
group  shelter  designs.  Wnen  the  second  and 
third  experimental  days  of  the  sixth  period 
are  examined  we  find  that  although  the  op¬ 
erational  output  factor  for  assemblages  A  and 
B  are  reduced  to  zero  because  of  intense 
Arctic  fog  or  "whiteout,”  input  requirements 
rose.  It  would  therefore  seem  to  be  reason¬ 
able  to  conclude  that  fuel  requirements  for 
small  dismounted  units  tend  to  vary  inversely 
with  level  of  operational  effort,  and  the 
magnitudes  will  vary  directly  with  fuel  utili¬ 
zation  ..apacitv  as  well  as  with  length  of  time 
used 

In  order  to  place  an  index  or  comparative 
evaluation  number  on  each  of  the  three  sys¬ 
tems,  the  ratio  of  measurable  work  output 
(Figure  12)  to  total  measurable  input  (Figure 
13)  was  derived  The  output-input  ratio  or 
index  of  effectiveness  gives  an  approximate 
rank-order  of  the  three  systems.  The  gen¬ 
eral  form  of  the  index  of  effectiveness  is 
shown  below 


Where 

Wq  =  Total  work  done  for  all  operational 
missions/day  (mobility,  habitabil- 
ity,  and  restorabihty). 

Q.J.  =  Total  energy  inputto  system  (BTU’s 
per  day). 

=  Ratio  of  actual  time  tototaltimefor 
all  operational  missions  per  day. 


In  the  study  conducted,  the  values  obtained 
from  the  computation  of  system  effectiveness 
appear  to  be  a  representative  index  for  each 
of  the  assemblages,  that  is,  the  pertinent 
physical  variables  are  included  in  the  formula. 
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By  considering  the  groups  as  independent 
variables  and  averaging  the  values  for  their 
performance,  we  find  that  the  indices  of  group 
performance  arc  quite  comparable-  The 
column  titled  "Effectiveness  Index*'  in  Table 
II  shows  a  consistency  between  at  least  four 
-’roups.  On  the  other  hand,  the  low  value  for 


the  group  Charlie  was  expected,  since  it  was 
aixected  in  the  first  period  by  the  loss  of  one 
of  its  members.  For  all  practical  purposes 
it  can  be  concluded  that  four  groups  were 
approximately  equivalent  m  effectiveness. 
Thus  differences  found  may  be  attributable  to 
the  materiel  systems. 


TABLE  II 

Summary  of  Group  Effects 


Alpha 

Bravo* 

Charlie** 

Delta** 

Echo* 


Initial  Weight 
-  L^-~ 

163.0 
153.4 
161.2 

164.2 

156.2 


Net  Weight 
Change 
Lb 

-8.25 

+6.50 

-1.75 

-22.75 

-7.25 


Average  Morale 
_ Score _ 


-6.30 
+6.40 
-0.05 
13  60 
15.00 


Rates  of 
Movement 
Ft/Min 

171/180 

176/179 

167/88 

224/250 

218/225 


Effectiveness  Index 


8.7 

8.8 
6.0 
8.0 
9.5 


Identical  leadership. 

The  values  obtained  for  each  of  the 
materiel  systems  are  shown  in  the  "aISE" 
column  of  Table  HI.  These  effectiveness 
nurrbers  may  be  interpreted  as  the  relative 
value  of  a  system.  For  example,  inthe  most 
effective  system,  of  every  100  energy  units 
'•equired  to  support  it,  at  least  twelve  units 
are  operationally  useful;  for  the  least  ef¬ 
fective,  only  about  five.  It  also  shows  which 
system  tends  to  minimise  impact  on  support¬ 
ing  systems  By  this  method,  the  objective 
ranking  is  obtained  and  listed  in  the  last 
column  of  Table  IIL 

On  the  other  hand,  the  subjective  ranking 
shown  in  Tabie  III  was  obtained  from  the 
groups  directly  by  periodic  questionnaires. 
If  vou  compare  the  ranking  of  the  systems 


based  on  the  objective  measurements  with 
those  based  on  subjective  ratings,  the  dis- 
agreem*»'t  in  ranking  ;s  obvious  The 
explanation  may  be  that  the  subjective  rank¬ 
ing  of  efficiencies  was  expressed  m  terms  of 
personal  comfort.  Thus  the  subjective  se¬ 
lection  of  systems  followed  attitude  prefer¬ 
ence  and  was  to  be  expected.  At  the  same 
time,  the  weight  of  the  most  comfortable  sys¬ 
tem  (Atsemblage  B)  was  heavily  criticized 
and  the  lighter  load  and  simpler  food  system 
of  the  lighter  system  (.Assemblage  C)  was 
praised  Thus  it  may  be  concluded  that  while 
the  subjective  efficiency  is  indicative  of  user 
preference,  the  objective  efficiency  reveals 
the  probable  ranking  of  those  charged  with 
providing  support  to  a  combat  group  under 
such  environmental  conditions. 


SystC'n  A 
Systeri  B 
bystt  m  C 


Summary 

of  System  Effects 

H.F. 

Group 

Food 

Fuel 

Si’bj. 

Value 

Weight 

Volume 

Load 

Effect 

Factor 

AlSE 

Factor 

Rai^ 

Lbs 

Cu  Ft 

Lbs 

Lbs  ' 

Cal  per 

Gals  per 

Man-day 

Sys-day 

1681 

700 

67 

117 

-  4.5 

4114 

7.5 

0.78 

3 

1834 

908 

80 

151 

-  6.8 

4519 

4.9 

2.58 

1 

1810 

784 

72 

131 

-22.3 

4267 

12.1 

0.44 

2 

Obj. 


<L^MMARY  AND  CONCLUSION 

The  research  under  which  this  experi¬ 
ment  was  conducted  involved  an  attempt  to 
focus  on  the  interaction  whichhuman  require¬ 
ments  and  materiel  design  factors  may  have 


on  supporting  systems.  In  the  future  it  may 
be  possible  to  specify  component  design 
criteria  on  the  basis  of  such  work.  The 
indices  of  system  effectiveness,  although  not 
conclusive  at  this  phase  of  the  work,  indicate 
the  feasibility  of  obtaining  objectively  derived 


values  of  •system  performance  when  com¬ 
ponents  are  changed.  Wnen  carefully  meas¬ 
ured  subjective  values,  judgments  on  the 
compatibility  of  new  system  components,  ob¬ 
jective  measures  of  system  performance  and 
of  the  economics  of  system  support  are  ob¬ 
tained  it  should  be  possible  to  specify  meas- 
ural'e  criteria  for  new  components  and 
svstoms. 
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Figure  1.  General  Cpncept  of  QMC  Syntems  Research  Experiment 


Figure  2.  QMC  Polar  Systems  Research  Area  in  Greenland  (July- August  1959) 
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Figure  3  QMC  Polar  Sy^terrs  Research  Support  Faciht>  in  Greenland 
(Jul> -August  1959) 
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Figure  4,  Envlron.'^ental  Conditions  (Temperature) 


Habxtabibty  ot  2-Man  Shelters  of  Materiel  System  C 


Figure  9.  Group  Sled  Pack  Lead  Movement  (All  S/stems) 


Back-Facked  load  Movement 
X  All  Systems 


Trtnsportability  Factor 


B*ok-Paoltea  load  Moveioant: 
X  -Ml  syainw* 
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B  EFFECTS  OF  ATMOSPHERIC  NOISE  LEVEL  AND  WORK  METHODS  ON  RADIO  TELE¬ 
PHONE  MESSAGE  TRANSCRIPTION  bv  Anthony  E  Castelnovo.  U  S  Army  Personnel 
Research  Office,  Washington.  D  C. 


L  ^n*reductioTi 

The  problem  area  ojidcrlying  thxs  re- 
i,r_rch  IS  that  of  improving  the  quality  of 
transcripts  of  noisy  radio  messages.  Even 
though  limited  improvement  in  She  signal  to 
noise  ratio  can  be  achieved  by  filtering  and 
other  t'^chniques,  noise  continues  to  be  a 
problem 

In  analyzing  the  method^  by  which 
transcripts  are  produced,  it  appeared  that 
some  improvement  in  accuracy  and  com¬ 
pleteness  migftt  be  afforded  by  utilizing 
available  manpower  in  a  somewhat  different 
manner. 

The  normal  procedure  in  the  tran- 
scripUon  ol  voice  radio  messages  i$  to  tape 
reco»^  rr«>tg«Ra1  message  which  is  then 
given  tc  a  transcriber  who  makes  a  tran¬ 
script  In  cases  where  the  message  is 
maskec  ay  noise,  the  transcriber  may  scan 
portions  of  the  tape  repeatedly  until  he  is 
s«^s£ect  that  he  has  gotten  as  much  of  the 
message  as  he  can  possibly  get  to  make  the 
most  complete  and  accurate  transcript 

It  was  assumed  that  the  quality  of  a 
second  transcript  would  be  better  if  produced 
by  a  sercRd  listener  with  the  aid  ol  the  first 
transcript  than  if  produced  by  the  original 
transcriber.  This  assumption  was  based 
upon  tne  belief  that  errorsof  perception  would 
tend  to  be  different  from  one  listener  to 
another,  tnat  some  errors  made  by  the  first 
transcriber  would  be  rejected  by  the  second 
transcr^^r.  and  therefore  the  likelihood 
would  be  increased  that  the  second  tran¬ 
scriber  would  substitute  correct  words  for 
these  errors. 

n.  Work  Methods. 

On  the  basis  of  these  notions,  it  was 
decided  to  test  three  methods  of  producing 
traascripts  from  noisy  voice  radio  messages. 
The  first  method  consists  oi  having  one  in¬ 
dividual  listen  to  the  same  noisy  message 
three  consecutive  times  and  produce  a  com¬ 
plete  transcript  on  each  occasion.  At  each 
successive  exposure  to  the  tap^,  he  uses  the 
pre'icus  transcript  as  an  aid.  Work  Method 
c'T.sists  of  having  a  second  transcriber 
li:,«en  ts  the  same  noisy  message  and  with  the 
aid  of  the  first  transcript  produced  by  the 
oTJginal  listener,  produce  a  complete  tran¬ 
script-  He  then  listens  to  the  message  a 
secoetf  time  and  with  the  aid  of  his  own  first 
transcript  produces  a  second  complete  tras- 
scrip*.  In  Work  Method  Three  a  third  tras- 
scriber  listens  to  the  z»isymessageonceasi 
aid  of  the  first  transcript  produced 
the  second  transcriber  produces  a  com¬ 
plete  transcript. 


HI.  Stimulus  Materials 

The  messages  used  to  test  these  work 
methods  were  Sentence  Intelligibility  Lists 
developed  at  the  Harvard  Psycho-Acoustic 
Laboratory  during  World  War  H.  There  a,e 
a  total  of  68  lists,  each  of  vhich  consists  of 
twenty  sentences  containing  five  s  .^reable 
words  per  sentence.  Research  has  shown 
these  lists  to  be  extremely  similar  in  diffi¬ 
culty.  The  noise  used  *n  the  experiment  was 
atmospheric  noise  taped  from  a  short  wave 
receiver.  Atmospheric  rather  than  white 
noise  M^as  used  because  it  was  considered  to 
be  homogenous  enough  for  this  study  and  at 
the  same  time  represented  the  major  ob¬ 
stacle  to  accurate  transcription  in  the  op¬ 
erational  setting  The  messages  were  read 
onto  one  track  of  a  two-track  tape  while  the 
noise  tape  was  reproduced  on  the  other  track. 
The  speakers  monitored  their  own  recording 
level  and  the  noise  level  by  watching  the 
recording  of  the  two  channels  on  a  dualtraice 
osciPoscope  An  attempt  was  made  to  main¬ 
tain  relatively  constant  amplitude  of  the  peak 
for  each  word  envelope  The  noise '■ivelope 
wa^  relatively  flat,  though  it  showed  some 
random  disturbances,  and  was  maintained  at 
a  constant  level  throoghoutthe  message,  each 
set  of  twenty  sentences  constituted  a  message. 
Six  tapes  of  ten  messages  each  were  con¬ 
structed  in  this  manner  to  be  used  for  train¬ 
ing  purposes  and  three  messages  were  pre¬ 
pared  in  the  same  manner  to  be  used  in 
testing  the  alternative  work  methods. 

IV.  Subjects. 

The  subjects  used  in  this  study  were  a 
group  of  fifty  reservists  who  had  been  ac¬ 
tivated  in  1961  and  were  about  to  be  released. 
The  mort  pertinent  characteristics  of  these 
subjects  were  that  they  were  in  early 

twenties,  all  except  three  had  some  college 
training,  and  many  had  gone  beyond  a  Bach¬ 
elors  degree.  All  weretrainedtoreceiveand 
transcribe  code  except  five  who  had  other 
types  of  transcription  training. 

T.  Experimental  Procedure. 

A.  Pre-Test  Training. 

Previous  research  intheareaofthe 
pesceptson  of  speech  masked  by  soise  indi- 
lOtes  that  there  is  a  relatively  rapid  im- 
prtrvement  in  hearing  through  noise  and  that  a 
plateau  is  reached  after  exposure  of  several 
honrs  a  day  for  five  days.  Our  group  of  sub¬ 
ject*  was  therefore  exposed  to  messages 
masked  by  various  levels  of  noise  over  a 
three  hour  period  for  each  of  six  days. 


The  SIX  days  oi  training  served 
three  porpobcs  1)  to  tram  the  subjects  to 
read  through  noise,  2)  to  get  an  index  of  each 
subject’s  ability  to  read  through  noise  so  that 
three  groups  of  equii  ability  could  be  identi¬ 
fied  for  use  in  the  experiment;  and  3)  to 
determine  three  noisc  levels  which  would  per¬ 
mit  i-ie  subjects  to  understand  correctly  ap¬ 
proximately  75%  of  the  message,  50%  and 
25% 

To  oht„,n  indices  of  noise  which 
would  result  in  the  three  levels  of  intelli¬ 
gibility  desired,  a  range  of  signal  to  noise 
ratios  was  explored  during  the  training 
session.  These  ratios  were  tabulated  daily 
and  those  which  most  nearly  approximated 
the  intelligibility  levels  desired  were  re¬ 
checked  on  successive  days.  The  noise  levels 
were  referenced  initially  to  the  message  by 
setting  the  noise  envelope  peak  equal  to  the 
word  envelope  peak.  The  noise  was  then 
varied  abcut  this  value  in  decibel  steps  by  a 
.Davin  attenuator  which  had  initially  been  set 
at  its  middle  position,  This  permitted  vary¬ 
ing  the  noise  peak  fromtendbbelowthe  voice 
envelope  peak  to  ten  db  above  this  peak. 
Previous  work  had  shown  that  this  range  was 
sufficient  to  encompass  the  signal  to  noise 
ratios  of  interest.  The  signal  to  noise  ratios 
in  this  experiment  were  -4  db  for  the 
low  noise  level,  -  1  db  for  the  medium  noise 
level,  and  3  db  for  the  high  noise  level. 

B,  Assignment  of  Subjects. 

Based  on  ths  total  scores  achieved 
over  the  six  days  of  training,  forty-eight  of 
the  fifty  subjects  were  ranked  and  divided 
into  three  quality  sub-groups  of  sixteen  sub¬ 
jects  each. 

The  best  quality  group  contained  the 
top  sixteen  subjects,  the  second  the  middle 
sixteen,  and  the  lowest  the  bottom  sixteen. 
Four  equal  quality  groups  of  twelve  subjects 
each  were  formed  by  randomly  assigning 
four  subjects  from  each  quality  category  to 
#ach  of  four  groups  One  of  the  lOur  groups 
thus  formed  bad  been  predesignated  to  be 
used  for  a  final  ch^ck  of  the  signal  to  noise 
ratio  setting  of  the  ihrec  tapes  to  be  used 
in  the  experimental  session. 

Each  of  the  other  three  equal  quality 
groups  was  randomly  assigned  to  one  of  the 
noise  levels.  The  group  ass^ned  to  the  low 
leve’,  approximately  75%inteUigibility, 
is  deaxpnated  group  one,  the  group  assigned 
*he  medium  noise  level,  approximately 
30%  intelligibility,  is  group  two,  and  at  the 
high  nois«  Uvel,  approximately  25%  intelli¬ 
gibility,  group  three.  Due  to  such  factors  as 
quaht)  of  the  noise  and  variation  between 
messages  oue  to  the  talker,  the  signal  *o 
noise  ratios  which  were  used  in  the  experi¬ 
ment  gave  somewhat  different  intelligibility 
levels  than  these,  but  were  relatively  close 
and  were  within  acceptable  limits. 


That  th'*  four  groups  were  very 
similar  in  ability  ca  i  be  seen  from  Table  1 
which  shows  the  mean  scores  for  the  six 
training  days  were* 

Table  1 


Group  Mean  Sc^/.-es 


Noise  LeveJ 

Low  1 
1 

[Medium  lliieh  ! 

'$/N  Check 

1  Group 

1  2  !  3  1 

Mean  Score 

46  98 

1  47.06,147.92! 

1  45  05 

C.  Work  Methods  Test. 

Three  messages  were  used  in  the 
experiment.  For  a  particular  message,  sub¬ 
ject  A  was  assigned  to  Work  Method  I,  for  the 
second  message  he  was  assigned  to  Work 
Method  n,  and  for  the  thud  message  he  was 
assigned  to  Work  Method  TU.  These  initial 
assignments  of  subjects  to  work  method  were 
made  in  a  random  manner  but  all  subjects 
served  in.  all  work  rr.ethods  and  no  one  com- 
binafon  o5  these  subjects  worked  together  on 
all  three  nve^^ods. 

The  same  message  at  the  same 
notse  level  was  presented  three  consecutive 
times.  The  time  lapsebetweenpresentations 
was  only  enough  to  let  the  subjects  get  ready 
to  transcribe.  Each  message  was  presented 
to  each  group  at  the  assigned  noise  level.  The 
schedule  of  presentation  of  messages  for  a 
set  of  three  subjects  is  diagrammed  inTaele 
2. 


Table  2 


Work 

Metnod 

Cubjeci 

Messa 

ee  Presentation 

1 

I 

A 

Al-er 

— ►a2— '^A3  { 

li 

B 

'^B2..r4— B3  1 

III  c . _ 

- j 

i~^C3  1 

A-  I  in  the  diagram,  iiidi»-tts  tnat  subject  A 
listened  to  the  message  and  made  the  f.rst 
transcript  which  is  designated  A- 1.  A  copy 
of  transcript  A-  1  was  given  to  subject  B.  On 
the  second  presentation  of  the  message,  both 
subjects  A  and  B  listened  and  independently 
prepared  transcripts,  ailhvugh  both  used  a 
copy  of  the  transcript  A- 1  as  an  aid.  On  the 
third  presentalior  of  the  message  all  tnree 
subjects.  A,  B,  C,  prepared  independenttran- 
scripts.  A  used  the  transcript  A-2asan  aid, 
D  and  C  each  used  a  copy  of  0-2  as  an  aid. 

VII.  Results. 

The  transcripts  which  resulted  from 
the  three  methods  of  utilising  personnel 
were  scored  for  Rights,  i.e.,  the  number  of 
words  transcribed  correctly,  and  for  Wrongs, 
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i.e.,  the  number  of  words  which  werb  included 
in  the  transcript  which  did  not  appear  in  the 
original  voice  message. 

The  average  Rights  and  the  average 
Wrongs  for  each  message  presentation  for 
each  Work  Method  at  each  noise  level  is 
shown  in  Figure  1.  (The'^e  means  are  shown 
in  7  able  3.} 

Table  3 


MEANS  AT  THE  THIRD  MESSAGE  PRESEN¬ 
TATION  FOR  EACH  OF  THREE  SEPARATE 
WORK  METHODS  AND  NOISE  LEVELS 


Noise  Level 

Work 

Method 

Mean 

Rights 

Mean 

Wrongs 

Low 

Subsample  1 
(N  =  12) 

1 

90.00 

10.42 

11 

91.14 

8.25 

lU 

91.82 

8.58 

Medium 

I 

66  50 

35.92 

n  1 

70.42 

31.00 

(N  =  12) 

III 

70.92 

32.25 

High 

Subsample  3 
(N  =  12) 

! 

26.9i 

u 

21.83 

51.75 

in 

23.50 

54.58 

A.  Effects  of  Work  Methods  on  the 
Response  Functions  for  Rights  and 
Wrongs. 


As  can  be  seen  in  Figure  1  the 
work  methods  show  exactly  the  same  re« 
lationship  to  each  other  for  all  three  noise 
level  groups.  Notice  that  m  the  production 
of  right  responses.  Method  III  is  consistently 
better  than  either  Methods  I  or  11  and  Method 
n  IS  consistently  better  than  Method  1.  For 
wrong  responses.  Methods  11  and  III  also  are 
better  than  Method  L  That  is,  fewer  errors 
are  made  with  either  of  these  work  methods 
than  with  Method  L  Although  the  differences 
among  the  three  work  methods  are  consistent, 
the  amount  of  this  difference,  as  canbeseen, 
is  small.  The  fact  that  these  differences  are 
quite  small  is  reflected  in  statistical  tests 
applied  to  the  means.  The  mean  difference 
between  Method  I  and  the  average  of  Methods 
II  and  111  was  found  to  be  significant  <.05  level) 
for  the  third  message  presentation  at  the 
medium  noise  level  for  both  Rights  and 
Wrongs  but  was  not  significant  for  the  low 
and  high  noise  levels. 

B.  Effects  of  Atmospheric  Noise  onthe 
Response  Functions  for  Rights  and 
Wrongs. 

Notice  that  at  all  noise  levels  the 
response  curves  for  Rights  continue  to  rise 
with  successive  exposures  to  the  tape.  The 
curves  for  the  high  and  low  noise  levels. 


however,  aonear  to  be  leveling  off  more 
quickly  than  for  the  mediumnoi&elevel.  TK^s 
leveling  oii  for  the  low  noise  is  at¬ 

tributable  to  the  fact  that  the  limit  di  score- 
able  words  18  being  approached.  The  mean 
number  Rlgtds  for  the  third  presentation  for 
Method  I  IS  90  words.  Though  thef^  are  one 
hundred  scoreab’ie  words  message  tbfe 

average  for  this  group  for  transcribing 
similar  meiilBtiM  the  absence  qf  noise  iS 
approximately  96  words  The  curve  {of 
Rights  for  ihe  high  noise  gpoup  is,  as  an  be 
seen  m  Figij^'c  1,  very  similar  in  iofmio  ih4i 
for  ihfc  low  noise  group. 

The  curt^es  Inf  Wr/liltfli  we  can 

see  in  FlgUf^  li  jtfP 

Rights,  At  Ihe  low  noisp  Ihi^fel  fttimbpr  Pf 
Wrongs  iend^  lU  (IgtfMte  with  siicceSli^i 
presentations,  thli  I*  It)  bb  Hpcb 

repetition  iiJualiy  resulis  jff  ffphphyhmm, 
This  decresip  in  errors  is  also  compaMbU 
with  the  increase  in  the  number  of  right 
responses  for  the  Iqw  nqise  [bVel 
the  medium  noise  level,  howevcrithenumj5|r 
of  wrong  responses  for  h{etho<l  1  Ihcre^ifl 
from  the  first  to  8ecol|{i  transcript  and  de¬ 
creases  from  the  second  to  the  Iftird  trfth* 
script.  For  the  high  noise  level  ijifi 
IS  clear  enough.  Here,  thehiimbibf^l^rong^ 
introduced  into  the  transcript  Incrpatftl 
each  successive  exposure  tothetfpSi  Tn^i/gll 
several  alternative  reasons  have  befcp  sug* 
gested  for  this  increase  as  the  number 
Wrongs  with  successive  presentations,  no 
analyses  of  the  data  are  as  yet  available 
clarify  this  finding. 


C.  Individual  Differences  in  Ability  to 

Read  'hrough  Noise. 

At  the  time  of  preparation  of  this 
paper  some  analyses  of  the  training  data  bad 
been  completed  which  indicate  that  there  are 
relatively  stable  individual  differences  in 
abil.ty  to  hear  messages  masked  by  noise. 
The  following  bar  graph  (Figure  2)  shows  the 
percent  of  the  fifty  subjects  aboveaverage  for 
each  of  the  number  of  days  aero  through  six. 
Note  that  22%  were  consistently  below 
average,  that  is,  they  were  above  average 
zero  days  and  that  32%  were  above  average 
all  SIX  days.  The  stabiluy  of  this  difference 
is  indicated  even  more  zorce^iUy  by  the 
correlation  of  the  sums  of  scores  obtained  on 
the  first,  third  and  fifth  days  withthe  sums  of 
those  obtained  on  the  secosd,  fourth  and  sixth 
days.  Thus  r=  .867.  Furtfagr-,.  as  can  be 
seen  i*!  Table  4,  the  correlation:  «z£the  scores 
of  he  first  days  of  training  wdh  the  last 
days  are  «ubstantiaL  whieb-  pozsts  to  the 
possibility  of  identifying  liTguea  ability  per¬ 
sonnel  for  purposes  of  training  and  assign¬ 
ment.  These  differences  inability  had  been 
noted  by  personnel  who  ha4  served  in  op¬ 
erational  situations,  and  t.he  present  data 
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Table  4 

\  MATRIX  Or  INTERCORRELATIONS  FOR 
TRAINING  days  ONE  THROUGH  SIX 
REFLECTING  STABILITY  OF 
INDIVIDUAL  DIFFERENCES 


(N  =  50) 

(All  noise  levels) 


Day'* 

1 

2 

3 

4 

5 

6 

l.OO 

.64 

.74 

.79 

.81 

.60 

2 

.64 

1.00 

.65 

.68 

.62 

.57  1 

3 

.74 

65 

l.CO 

.77 

.84 

.54 

1 

79 

.68 

77 

1.00 

.88 

.64 

S 

hZ 

.84 

88 

1.00 

.68 

U 

.54 

.64 

.68 

LOO 

for  composite  of  4ays  I,  3  and  5  vs. 

Ii  4  and  6  =  87. 


confirm  these  observations  Additional anal> 
yses  to  determine  the  effect  of  noise  level  on 
these  individual  differences  and  to  relate 
b()ier  aptitudes  and  abilities  to  the  ability  to 
read  tliroU^H  rioise  are  being  made. 


VIIL  Summary  and  Conclusions. 

The  data  have  led  us  to  conclude  that 
there  is  a  tendency  for  Work  Methods  II  and 
III,  that  IS,  those  using  two  or  more  differ 
transcribers,  to  produce  a  greater  accuracy, 
but  that  their  superiority  over  a  method 
using  a  Single  transcriber,  though  consistent, 
tends  to  be  small  and  reaches  statistical 
significance  only  at  the  medium  noise  level. 
Unless  additional  factors  are  discovered 
which  might  enhance  these  differences  they 
are  not  large  enough  to  be  of  practical  value 
except  in  situations  where  a  small  jiroprove- 
ment  is  of  cr’tical  importance.  Of  greater 
practical  value  is  the  fact  that  pronounced^ 
individual  differences  exist  in  ability  to  hear 
through  noise.  It  seems  that  personnel 
selection  and  assignment  instruments  which 
would  result  in  the  enhancement  of  the 
quality  of  transc'‘ipts  produced  under  condi. 
tionf  of  noise  migtit  be  constructed  with  a 
mmimum  of  difficulty.  Such  instruments 
would  permit  the  selection  of  transcriber 
personnel  who  possess  a  higher  basic  apti¬ 
tude  and  the  assignment  of  the  more  capable 
personnel  already  withm  the  system  to  more 
critical  positions,  thereby  enhancing  system 
capability. 
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EFFECT  OF  NOISE  LEVEL  AND  WORK  METHODS 


Figure  I 


PERCENT  SUBJECTS  ABOVE  AVERAGE 
FOR  CUMULATIVE  NUMBER  OF  DAYS  0  THRU  6 


•<0 


NUMBER  OF  DAYS  AfJOVE  AVERAGE 


C  CONSTRUCTION  EQUIPMENT  DESIGN  RECOMMENDATIONS  TO  IMPROVE  OPERATOR  S 
&  MAINTENANCE  MEN’S  VOCATIONS  by  Elmer  A  Kemp,  Chairman,  Subcommittee 
XVm  -  Human  Engineering,  Construction,  and  Industrial  Machinery  Technical  Committee, 
Society  of  Automotive  Engineers 


A3  chairman  of  the  Conscruction  and 
Im  jstrial  Machinery  Technical  Committee 
Subcommittee  XVIII,  pertaining  to  Human 
Engineering,  my  intent  today  is  to  give  you  a 
report  of  our  actions  and  poals. 

Basically  this  aim  is  to  establish  recom¬ 
mended  values  for  human  male  physical 
dimensions  for  industry-wide  use  by  equip¬ 
ment  designers  and  manufacturers. 

Late  in  1960,  when  i  was  invited  to  estab¬ 
lish  and  initially  chair  this  interesting  and 
intriguing  effort,  it  was  imperative  to  call  on 
the  best  informed  and  experienced  talent  in 
this  field  in  order  to  obtain  the  immediate 
practical  results  desired. 

Active  committee  members  and  consultants 
O'*  rticipating  in  this  effort  are  representatives 
from  equipment  designers  and  manufacturers, 
component  designers  and  suppliers,  engineer¬ 
ing  agencies,  educational  institutions,  con¬ 
tractor  and  industrial  equipment  users,  and 
the  Military.  These  individuals  are  com¬ 
pletely  familiar  with  the  design,  operation, 
.namtenance  and  servicing  demands  to  meet 
the  user’s  needs  Our  efforts  to  date  have 
reflected  the  fine  knowledge,  experience, 
enthusiasm,  and  cooperation  ofthisteam,  and 
it  has  been  a  real  honor  and  privilege  to  be 
affiliated  with  them. 

Just  what  1$  Human  Engineering Hov/isit 
applied  to  the  construction  and  industrial 
equipment  field''  One  definition  could  state, 
"Human  Factors  Engineering  is  the  applica¬ 
tion  of  the  human  physical  senses,  sxill,  and 
physical  techniques  to  equipment  design". 
To  put  it  another  way,  it  is  the  mating  of  man 
to  the  machine  so  that  optimum  compatibility 
is  achieved,  therefore  designing  the  machine 
to  the  man,  a  truly  revolutionary  approach, 

A  good  man>  of  us  can  recall  the  day  when 
equipment  wa«  designed  to  perform  its  basic 
func«.ion,  and  then  a  location  for  the  operator, 
his  controls  and  instruments  was  established 
wherever  conveniert  and  practical,  without 
disturbing  too  greatly  the  overall  configura¬ 
tion.  Control  lever  and  pedal  efforts  and 
travel  were  established,  based  on  each  de- 
sig"er’s  idea  of  what  an  operator  was  phys- 
ic'^llv  capable  of  exerting.  Accessibility  for 
Inbrirotion,  adjustment,  and  servicing  was 
practically  ignored.  Operator  comfort, 
space- wise,  suspension- wise,  visibility- 
wise,  weather-wise  or  effort-wise,  was  of 
sm.tll  concern  even  though  the  operator 
prac4jcally  lived  in  the  station. 

Thronjh  the  efforts  of  the  Military  for 
simplification  on  instructions,  organized 
labor  for  physical  ease  and  comfort,  and 
througn  engmeering  field  cwmacts,  the  con¬ 
struction  equipment  industry,  since  World 


War  II,  has  made  great  strides  to  improve 
the  lot  of  the  operator  and  serviceman. 

Power  assisted  or  completely  powered 
controls,  greater  operator  physical  comfort, 
and  vastly  improved  service  accessibility 
has  been  incorporated  by  the  ma’^nty  of 
designers  and  manufacturers  in  this,  today’s 
more  competitive  markets.  ^I'vjvever,  until 
our  group  was  established,  there  was  no  in¬ 
dustry  effort  to  standardize  on  control  loca¬ 
tions,  control  efforts  01  travel  directions  and 
limits.  The  real  value  and  need  for  a 
recommended  minimum  standard  for  an  op¬ 
erator’s  station,  environmental- wise  as  well 
as  accessibility-wise,  *'as  been  magnified  as 
a  result  c£  the  Military’s  and  contractor’s 
training  o'  persuimcl  for  these  functions  Be¬ 
cause  initial  consideration  indicated  that  this 
project  warranted  a  concerted  effort,  the  SAE 
Construction  and  Industrial  Technical  Com¬ 
mittee  established  Subcommittee  XVIII, 

After  this  new  group  was  organized  in 
January  of  1961,  the  Subcommittee  agreed 
that  the  initial  effort  should  be  to  offer  maxi¬ 
mum  and  minimum  physical  dimensions  for  a 
normally  clothed  operator  and  dimensions  for 
a  large  operator  dressed  in  arctic  clothing 
as  recommended  standards  for  use  in  the 
industry. 

The  agreement  for  such  a  project  was 
unanimous,  as  each  manufacturer  has  his  own 
version,  which  to  date  is  as  dissimilar  as 
most  of  us,  physically.  This  particular  effort, 
requiring  only  five  meetiiigs  to  f.nalize,  was 
comparatively  simple  to  assemble  because  of 
the  male  physical  dimensional  data  accumu¬ 
lated  by  various  individuals,  consultant  organ¬ 
izations,  and  the  Military.  This  'nformation- 
would  have  required  many  man-hours  to  ob¬ 
tain  from  scratch,  and  we  are  deeply  indebted 
to  several  of  our  consultants  for  providing 
data  and  assistance.  Using  the  data  accumu¬ 
lated  by  these  various  agencies  over  recent 
years,  the  Subcommittee  developed  and  sub¬ 
mitted  recommendations  for  SAE-CIMTC 
Standard  usage.  For  practical  reasons  we 
offered  a  male  clothed  version  only,  as 
providing  the  realistic  data  that  designers  of 
this  equipment  would  require. 

The  result  of  our  effort  is  showninFigur<*» 
1  and  2.  We  sincerely  believe,  although  being 
the  first  to  admit  that  someone  may  find  a 
point  for  contention,  that  this  information  will 
prove  a  boon  to  our  designers.  The  chart 
itself  has  been  studied  and  set  up  to  make  it 
readily  interpretable.  You  will  note  that  wo 
have  established  the  5th  and  95th  percentile  as 
the  most  practical  rangefordesign purposes. 
This  indicates  that  57»  are  physically  under 
the  minimum  and  5%  are  over  the  maximum 
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and  therefore  are  not  included  jn  the  chart 
data.  This  chart  has  been  approved  and  will 
be  m  the  1963  S.A.E.  Handbook' 

Curren*ly  we  are  studying  the  area  of  the 
operator’s  work  station.  You  would  be  sur¬ 
prised  at  the  discussion  the  Subcommittee 
has  d'veloped  pro  and  con  relative  to  this 
subiec' 

Wc  all  well  agree  that,  in  the  past,  insuf¬ 
ficient  concern  on  the  part  of  the  designer 
left  quite  a  bit  tobedesiredbythe  individuals 
who  actually  wound  up  operating  that  same 
equipment.  Lack  of  riding  comfort  and  ex¬ 
cessive  control  efforts  resulted  in  a  very 
weary  operator  at  the  end  of  a  shift,  and  more 
frequently  than  not,  in  lapering  off  of  his 
efficiency  and  alertness  late  in  the  work 
schedule. 

BroKcn  down,  for  practical  as  well  as 
expeditious  reasons,  this  project  will  prob¬ 
ably  result  in  these  categories 

1.  Controls- 

Poot  and  hand,  (as  depicted  inFigure  3) 
can  and  do  result  in  some  confusion  on 
the  part  of  switching  operators,  train¬ 
ing,  efxiciency,  and  safety- wise.  Stand¬ 
ardization  of  location,  type,  size  aid 
effort  ranges,  is  a  project  the  committee 
IS  exploring  and  hope  to  be  able  to  offer 
a  recommendatjon  on  inthe  near  future. 

2.  Instruments- 

Location.  type,  visibility  and  legibility, 
are  also  components  where  Similarity 


and  standardization  will  benefit  operator 
adaptability  and  efficiency. 

3.  Operator’s  Seat- 

The  location  relative  to  the  controls  and 
instruments,  minimum  size,  height,  and 
adjustment-limitations  is  on  tap  for 
future  study  by  the  group. 

4.  Operator  Comfort- 

Noise,  ventilation,  temperature,  and 
safety  are  important  factors  to  be 
considered. 

5.  Operator’s  External  Visibility- 
over- exaggerated  on  Figure  4,  is  cer¬ 
tainly  a  factor  worthy  of  study  for 
improved  operational  efficiency  and 
safety. 

6.  Compartment  Size  Minimums- 

need  for  which  we  indicate  on  Figure  5, 
will  be  reviewed  and  our  proposals  sub¬ 
mitted  later. 

The  Subcommittee  recommendations  will 
take  a  great  deal  of  time  to  become  realities, 
should  we  be  so  practical  and  fortunate  to 
develop  worthwhile  proposals,  but  with  the 
efforts  of  our  industries’  designers,  we  look 
forward  to  the  ultimate  from  the  operational 
viewpoint,  as  indicated  on  Figure  6. 

Our  responsibility  as  a  Subcommittee  is  to 
offer  a  practical  and  adaptable  set  of  stand¬ 
ards  for  industry  consideration. 

Some  additional  future  areas  we  plan  to 
explore  and  investigate  are  service  and 
maintenance  space,  effort,  visibility,  and 
safety  mtnimums. 
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Figure  Z  Sitting  Chart 


97 


98 


Figure  6.  Ultimate  In  Operation 
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D  AN  EVALUATION  OF  PHOTO  DISPLAY  MODES  FOR  EXTRACTION  OF  INTELLIGENCE 
INFORMATION  by  Abraham  H  Birnbaum.  US  Army  Personnel  Re«;e2rch  Office,  Washing¬ 
ton.  D.  C 


In  the  eventuality  of  war,  the  Army  has  a 
critical  need  for  information  about  the 
enc  ny’s  disposition  of  forces  which  must  be 
lelevant,  timely,  accurate,  and  complete.  To 
meet  these  needs  the  Army  depends  on  its 
image  interpreters  and  the  image  systems 
within  which  they  function.  The  interpreter  of 
today  and  tomorrow  must  be  able  to  extract  the 
necessary  information  from  all  kinds  of 
imagery,  conventional,  radar  or  infrared,  the 
imagery  may  be  of  high  or  low  quality,  and 
on  occasion  the  volume  of  the  imagery  may 
be  so  great  that  only  very  little  time  may  be 
available  to  obtainthe  necessary  information 
Regardless  o<  conditions,  the  image  inter¬ 
preter  IS  a  key  person  who  must  provide  the 
information  on  which  many  military  decisions 
will  be  based. 

Until  fairly  recently  very  little  was  known 
about  basic  psychological  factors  in  image 
interpretation,  particularly  inthe  operational 
setting.  To  fill  this  gap  the  United  States 
Army  Personnel  Research  Office  formulated 
a  program  to  answer  two  broad  questions. 
(1)  What  arc  the  skills,  abilities  and  tech* 
niques  that  are  necessary  to  extract  mtelli* 
gence  information  from  conventional  and 
newer  types  of  imagery’  (2)  How  can  the 
Army  best  utilize  its  available  human  re¬ 
sources  in  order  to  cope  with  the  ever- 
inereasing  volume  and  variety  of  imagery  and 
yet  maintain  acceptable  standards  of  speed, 
accuracy  and  completeness’ 

In  implementing  our  research  program  we 
have  paid  particular  attentionto  problems  that 
dealt  with  the  determinations  of  how  inter¬ 
preters  can  best  use  the  imagery,  equipment, 
time,  and  skills  to  extract  useful  intelligence 
information.  Findings  such  as  those  dealing 
with  performance  as  a  function  of  viewing 
time,  repeated  exposure  to  imagery  and  team 
work  procedures  were  reported  in  a  prior 
session  of  the  Army  Human  Factors  En¬ 
gineering  Conference,  *  The  effort  of  these 
studies  was  directed  primarily  toward  gain¬ 
ing  insight  into  how  interpreter  performance 
might  be  improved  via  the  mechanism  of 
improving  techniques  and  procedures  of  in- 
texarcter  operations.  We  were,  however,  not 
unaware  of  the  fact  that  the  nature  of  the 
stimulus  material  itself  has  an  impact  on 
performance.  Today's  paper  will  deal  pri¬ 
marily  with  interpreter  performance  as 
a  function  of  selected  photo  display 
characteristics. 


1  Sadocca,  Robeit  N’e<v  Techniques  in  Intctjcetadon 
Systems.  Presented  at  the  SevenOt  Anmiol  Ansy  Kuskir 
Factors  Engineenng  Conference.  34  October  1961 


Approach 

The  purpose  of  the  photo- mode  study  is  to 
determine  what,  if  any,  differences  there  are 
in  interpreter  performance,  that  may  be  at¬ 
tributable  to  photo-mode,  i.e.,  to  whether 
the  interpreter  views  negative  transparen¬ 
cies,  positive  transparencies,  positi*  prints 
(non-stereo),  or  positive  stereo  prints.  Find¬ 
ings  of  this  study  may  have  an  .mpact  on 
whether  or  not  an  electronic  image  reversal 
device  has  a  place  m  an  image  interpreter 
facility. 

Three  analyses  were  conducted.  (1)  An 
analysis  of  accuracy  and  completeness  as  a 
function  of  mode,  (2)  An  analysis  of  confi¬ 
dence  in  right  and  wrong  responses  as  a 
function  of  mode;  and  (3)  An  analysis  of 
accuracy  as  a  function  of  time  separately  for 
each  mcdc. 

In  order  to  conduct  our  studies  we  must  be 
able  to  measure  interpreter  performance. 
This  requires  the  use  of  photographs  the 
content  of  which  is  known  to  the  researcher 
but,  of  course,  not  to  the  photo  interpreter 
test  subject  Inaddition,thephotographsused 
and  the  requirements  imposed  on  the  inter¬ 
preter  should  be  as  realistic  as  possible. 
Also,  the  interpreter  is  provided  with  relevant 
materials  and  information  normally  available 
to  him,  such  as  maps  and  specific  information 
about  the  deployment  of  friendly  and  enemy 
forces,  as  well  as  equipment  that  is  part  of 
hts  PI  kit.  Essentially,  then,  the  performance 
constitutes  a  work  sample  with  a 
known  input  and  with  the  opportunity  for 
measuring  interpreter  output. 

The  determination  of  what  constitutes  the 
content  of  a  given  photograph  depends  in  all 
cases  on  the  consensus  of  independent  inter¬ 
pretations  by  expert  interpreters.  In  addi¬ 
tion,  available  records  were  studied  to  verify 
the  basic  analyses.  In  those  rare  instances 
when  agreement  could  not  be  reached  on  the 
identification  of  a  particular  object,  the  object 
was  scored  neither  right  nor  wrong 

The  performance  indices  used  in  these 
studies  are  a  direct  function  of  the  nature  of 
the  responses  the  int'rpreter  makes.  The 
interpreter  can  correctly  identify  an  object. 
The  number  of  correct  identifications  (number 
of  rights)  therefore  is  one  measure  of  inter¬ 
preter  performance.  The  interpreter  can 
misidentify  objects.  Number  of  wrongs  there¬ 
fore  IS  another  measure  of  his  performance. 
Further,  he  can  fail  to  respond  where  he 
should.  Number  of  omits  thus  constitutes  a 
third  measure.  In  addition,  two  derivative 
measures  were  developed,  one,  accuracy  the 
other,  completeness.  Accuracy  is  the  pro¬ 
portion  of  correct  to  total  responses  an  in¬ 
terpreter  makes,  it  is  the  ratio  of  number  of 
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rights  to  number  rights  olus  wrongs 
Completeness  is  the  proportion  of  correct 
responses  to  total  extractable  information 
that  IS  in  fact  extracted  from  a  photograph, 
it  IS  the  ratio  of  number  of  rights  to  total 

number  of  significant  identifiable  objects^^^ 

Foir  of  photographs  representing 

four  different  performance  measures  were 
used  in  this  study  Table  1  describes  these 
measures  The  first  two  measures  have  a 
tactical  content,  the  other  two,  strategic. 
The  scales  of  these  photo  sets  are  1*5,700, 
1  8,000,  I  10,500  and  1  10,500,  respectively. 


Table  I 

DESCRIPTION  OF  PERFORMANCE 


MEASURES 

Measure 

Content 

Scale 

1 

Individual  Objects  (e.g., 
venicles^ 

1:5,700 

2 

Individual  Objects  (e.g  , 
small  structures) 

1*8.000 

3 

Object  Complexes  (e.g., 
R.R.  yards) 

1:10,500 

4 

Object  Complexes  (e.g., 
tucl  storage) 

1:10,500 

Each  set  of  photographs  consists  of  the 
same  photograph  reproduced  in  four  modes, 
positive  transparency,  negative  transparency, 
positive  stereo  prints,  and  positive  non- stereo 
prints.  £«tch  of  these  was  also  reproduced  at 
a  lower  quality  level  thus  providing  two  photo 
qualities  and  making  possible  an  analysis  of 
mode-by*content-by-quality. 

The  design  employed  was  a  replicated 
Latin-Square,  separately,  for  each  quality, 
with  eight  entries  per  cell.  Thirty-two  sub¬ 
jects  were  used  for  each  photo  quality.  Each 
suoject  ’vas  administered  the  four  different 
measure  contents  each  in  a  different  modem 
a  counter  balanced  designtoMiminateeffects 
attributable  to  order  of  test  administration. 


The  sample  consists  of  64  experienced 
nhoto  interpreter  test  subjects,  32  of  the  Air 
Force,  17  of  the  Army  and  15  of  the  Marines, 
Their  average  on-the-job  experience  was  five 
years  aud  ranged  from  two  months  to  thirteen 
years.  All  subjects  were  assigned  at  random 
to  each  photo  quality  and  to  each  cell  within 
photo  quality. 

Time  allowed  for  each  test  was  thirty 
minutes. 


Accuracy  and  Completeness  as  a  Funct.on  of 
Mode 

W  ithin  each  quality  four  performance  meas¬ 
ures  were  analyzed  separately,  accuracy 
aftcr  Six  minutes  of  work,  accuracy  after 
thirty  minutes  of  work,  and  similarly  com¬ 
pleteness  after  six  and  thirty  minutes  of  work. 
Table  2  shows  the  accuracy  results  for  the 
four  different  modes  of  high  photo  quality. 

The  comparison  here  is  for  each  row. 
None  of  the  differences  is  significant.  Table 
3  presents  completeness  results  for  the  four 
different  modes  at  high  photo  quality.  Again 
the  differences  attributable  to  mode  were  not 
found  t'^  be  significant.  Table  4  presents  the 
accuracy  results  for  low  photo  quality. 

Once  again  mode  differenceswerc  not  found 
to  be  significant.  However,  when  we  come  to 
completeness  at  low  photo  quality  (Table  S) 
we  find  a  difference  attributable  to  mode  that 
IS  significant  at  the  five  percent  level  of  con¬ 
fidence,  and  thisfoi  vompleteness  after  thirty 
minutes  of  work,  In  view  ofthe  fact  that  eight 
different  analyses  were  conducted,  four  for 
low  and  four  for  high  photo  quality,  it  is  not 
ton  snrnnsinj,  on  a  orobabihty  bas.s,  tofind 
one  that  exhibits  differences  that  appear  to  be 
significant  for  the  case  where  in  fac.  no  dif¬ 
ferences  exist.  The  large  number  of  analyses 
therefore  casts  some  doubt  on  the  significance 
of  the  finding  of  mode  differences  for  com¬ 
pleteness  at  low  photo  quality  after  thirty 
minutes  of  work. 

When  we  examine  the  effect  of  photo  quality 
on  performance  we  can  unqualifiedly  say  that 
we  have  succeeded  in  reducing  photo  quality. 


Table  2 

PERCENT  ACCURACY  BY  PHOTO  MODE 
FOR  HIGH  PHOTO  QUALITY 


Accuracy 

Positive 

Transparency 

Negative 

Transparency 

Stereo 

Print 

Non-Stereo 

Print 

Initial 

53 

53 

54 

47 

Final 

42 

38 

44 

40 

Mode  differences  are  not  significant. 


!01 


Table  3 


PERCENT  COMPLETENESS  BY  PHOTO  MODE 

FOR  HIGH  PHOTO  QUALITY 

Como'eteness 

Positive 

Transparency 

Negative 

Transparency 

Stereo 

Print 

Non«Stcreo 

Print 

In.tial 

14 

10 

9 

10 

Final 

33 

27 

31 

30 

Mode  differences 

are  not  significant. 

Table  4 

PERCENT  ACCURACY  BY  PHOTO  MODE 
FOR  LOW  PHOTO  QUALITY 

Accuracy 

Positive 

Transoarency 

Negative 

Transparency 

Stereo 

Print 

Non-Stereo 

Print 

Initial 

40 

41 

52 

39 

Final 

30 

33 

39 

37 

Mode  differences  are  not  significant. 

Table  5 

PERCENT  COMPLETENESS  BY  PHOTO  MODE 
FOR  LOW  PHOTO  QUALITY 

Completeness 

Positive  Negative 

Transparency  Transparency 

Stereo 

Print 

Non-Stereo 

Print 

Initial 

8 

7 

7 

7 

♦Final 

21 

16 

24 

18 

•Mode  differences 

Without  exception  performance  on  high- 
quality  photos  was  better  than  on  low  quality 
ones  as  can  be  seen  in  Table  6. 

It  can  also  be  seen  that  accuracy  drops  as 
a  function  of  time.  For  six- minute  perform¬ 
ance  accuracy  is  higher  than  for  thirty- 
minute  performance.  Conversely,  complete¬ 
ness  goes  up  as  a  function  of  time. 

Content  differences  were  significant 
throughout,  i.e.,  performance  varied  as  a 
function  of  ‘‘content.”  However,  this  is  not 
too  surprising  in  view  of  the  fact  that  the 
photograph  sets  differ  froir'  •ach  other  in 
scale,  quality,  density  and  kind  ox  objects. 

Since  the  factors  that  cause thesedifferences 
cannot  be  pinned  down  specifically  in  this 

Table  6 


Table  6 

PERCENT  ACCURACY  AND  COMPLETENESS 
BY  PHOTO  QUALITY 

High  Quahty  Low  Quality 

Initial  Accuracy  52  43 

Final  Accuracy  41  35 

Initial  Completeness  11  7 

Final  Completeness  30  20 

Quality  differences  are  significant  at  P  <  .01 
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study,  I  Aill  pass  over  the^e  findings  and  go 
on  to  the  next. 

Interpreter  Confidence 

As  a  part  of  their  regular  work  routine, 
interpreters  assign  probability  indices  ex- 
pre-sing  their  confiden'.es  in  each  of  the 
loen'ifications  that  they  make.  In  a  prior 
study,  a  significant  difference  was  found  m 
the  mean  confidence  for  right  and  wrong  idcn- 
tifi'.ations  and  in  favor  of  the  right  identifica¬ 
tions  The  present  study  provided  an  oppor¬ 
tunity  to  look  at  confidence  for  rights  and 
wrongs  as  a  function  of  photo  mode  and  of 
photo  quality.  For  each  object  identified,  the 
interpreter  assigned  a  percentage  that  repre¬ 
sents  what  he  considers  to  be  the  likelihood 
that  the  object  is  correctly  identified.  Pre¬ 
liminary  analysis  exhibited  no  significant 
interactions  between  cor.fidcncc  in  right  and 
wrong  responses  as  it  relates  to  photomode, 
content,  and  quality.  Table  7  shows  the  re¬ 
sults  obtained  for  high  photo  quality.  Note 
that  the  right  responses  arc  invariable  asso- 
ciatea  wi.n  t.i/*if,dcnvc  thantkcvrcng 

responses  and  significantly  so  in  three  out  of 
the  four  modes.  This  significant  difference 
for  confidence  in  right  and  wrong  responses 
c.arries  over  to  the  total.  Similar  findings 
are  obtained  for  the  low  photo  quality  as  can 
be  seen  in  Table  8. 

Table  7 


PERCENT  CONFIDENCE  FOR  RIGHTS  AND 
WRONGS  MODE  FOR  HIOHPHOTO 
QUALITY 


Right 

W  rong 

♦Positive  Transparency 

57 

46 

Negative  Transparency 

60 

56 

♦Stereo  Print 

73 

61 

♦Non-Stereo  Print 

75 

J2 

♦Total 

65 

56 

*Rxght-Wrong  differences  significant  at 
P<  08 


When  we  compare  total  mean  confidence 
for  the  right  responses  for  the  high  and  low 
pho»o  qualities  we  find  that  they  are  sub¬ 
stantially  the  same  65  and  6C  percent, 
respectively.  This  is  also  true  for  the  mean 
confluence  for  the  wrong  responses,  56  per¬ 
cent  in  both  cases.  This  implies  that  across 
the  four  modes,  ine  probability  of  correct¬ 
ness  of  identification  based  on  confidence  IS 
the  same  for  bothhighandlowphotoquahties. 


Table  8 


PERCENT  CONFIDENCE  FOR  RIGHTS  AND 
WRONGS  BY  MODE  FOR  LOW  PHOTO 
QUALITY 


Right 

W  rong 

Posxti/^e  Transparency 

67 

6t 

♦Negative  Transparency 

61 

44 

♦Stereo  Print 

73 

59 

Non-Sterco  Print 

66 

56 

♦Total 

68 

56 

♦Right-Wrong  differences  significant  atP<  05 


Length  of  Viewing  Time 

We  have  already  seen  some  evidence  that 
accuracy  goes  down  and  completeness  up  as 
a  function  of  tirre.  We  have  alsonoied  inter¬ 
preter  performance  with  the  exception  of  the 
tenuous  finding  for  30-minute  completeness 
at  'ow  photo  quality  is  not  affected  by  photo 
mode.  On  the  other  hand,  there  are  signifi¬ 
cant  performance  differences  attributable  to 
photo  quality  A  performance  over  time 
comparison  was  therefore  only  for  photo 
quality. 

Figure  1  shows  the  cumulative  number  of 
right  and  wrong  responses  for  five-minute 
intervals  of  viewing  time,  plotted  separately 
for  high  and  low  photo  qualities.  Notice  first 
the  far  larger  number  of  wrong  than  right 
responses  at  all  time  intervals  and  regard¬ 
less  of  phot©  qualitv.  When  we  look  at  quality 
separately  we  find  for  high  photo  quality  that 
the  number  of  new  identifications  scored  right 
tapers  off  much  sooner  than  the  number  of 
those  scored  wrong.  Moreover  and  very 
significantly  when  we  compare  the  perform¬ 
ance  for  high  and  lowquality  photographs,  the 
high  quality  photographs  provide  more  right 
and  fewer  wrong  responses  than  do  the  low 
quality  ones. 

Figure  2  shows  accuracy  which  relates 
right  to  right  plus  wrong  responses,  plotted 
as  a  function  of  time  for  the  same  perform¬ 
ance  measures.  For  high  photo  qualitythere 
IS  «  continuous  decrement  in  accuracy  a« 
time  increases,  a  finding  which  conform*  to 
previous  ones.  For  low  photo  quality,  on  the 
other  hand,  accuracy  remains  relatively  con¬ 
stant  at  a  lower  level  at  all  time  intervals  as 
time  increases,  although  toward  the  end  it 
begins  to  decrease.  Actually,  if  additional 
time  had  been  provided  to  the  interpreters 
working  on  the  low  quality  photographs,  a 
continuing  drop  in  accuracy  would  not  be  un¬ 
expected,  since  any  responses  that  go  beyond 
the  limits  of  what  there  is  in  the  photograph 
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would  have  to  be  wrong.  Moreover  as  the 
interpreter  addresses  himself  to  objecisthat 
are  increasingly  more  difficult  to  identify  we 
would  expect  the  ratio  of  wrong  to  right  re¬ 
sponses  to  increase  and  hence  for  accuracy 
to  decrease 

Impi’cations  of  the  Findings 

To  the  extent  to  which  the  test  materials 
and  conditions  and  test  subjects  are  repre¬ 
sentative  the  findings  of  these  studies  are 
generalizable  However,  it  should  be  no^-ed 
that  there  are  many  limitations  to  this  study. 
Among  others  there  are  those  dealing  with 
the  nature  of  the  images,  their  content, 
quality  and  scales,  tfte  nature  of  the  setting 
in  terms  of  the  specific  task  requirements 
imposed  on  the  interpreters  and  the  experi¬ 
ence  of  the  interpreters  in  working  with  ma¬ 
terials  that  differ  in  mode.  Assuming  that 
these  do  not  have  aneflectonthefmaings,  Ine 
following  conclusions  can  be  made. 

Accuracy  and  completeness  in  general  do 
not  seem  to  be  dependent onwhetherornot  an 
interpreter  views  a  positive  transparency, 
negative  transparency  or  print,  although  a 
further  study  needs  to  be  made  to  check  on 
the  finding  for  30-minute  completenessatlow 
nhoto  quality. 

Good  photo  quality  docs  result  in  better 
accuracy  and  completeness  than  does  poor 
photo  quality.  However,  this  finding  applies 
only  to  the  materials  at  hand.  Our  “good” 
photo  quality  is  actually  not  fixed.  We  have 
no  way  of  measuring  the  quality  of  our  “high” 
quality  photos  and  we  degraded  these  photos 
to  a  barely  acceptable  level.  Since  we  were 
not  able  to  improve  the  photo  quality  of  our 
“good”  photos,  we  are  unable  to  say  that  an 
increment  in  photo  quality  beyond  that  of  our 


good  quality  would  likewise  yield  an  incre- 
..'tent  in  accuracy  and  completeness#  There¬ 
fore  the  finding  does  not  argue  for  improved 
photo  quality  What  should  be  done  firs*  isto 
develop  a  measure  of  photo  quality  and  then 
systematically  lor  different  quality  levels 
determine  the  accuracy  and  completeness  of 
interpretations  to  establish  the  point  of  di¬ 
minishing  returns,  which  would  then  be  tne 
goal  for  the  desired  level  of  photo  quality. 

Photo  interpreters  generally  tend  to  have 
more  corJidence  in  their  right  responses  than 
in  their  wrong  ones  This  mea’^s  tb  *  the 
probability  of  accurate  identification  will  be 
higher  for  responses  associated  with  high 
confidence  than  for  those  associated  with  low 
confidence  However,  the  use  of  this  knowl¬ 
edge  should  await  a  more  definitive  determi¬ 
nation  as  to  whether  or  not  one  mode  is 
favored  over  another  with  respect  to  confi¬ 
dence  differential  between  right  and  wrong 
reSf/OLSes.  If  a  more  rigorous  test  should 
idcnJify  such  a  mode,  this  mode  would  be 
preferred,  everything  else  being  equal,  since 
it  would  make  possible  the  identification  of 
correct  responses  with  a  higher  degree  of 
probability  than  any  other  mode. 

Mode  differ'^nces  most  likely  don’t  have 
much  of  an  effect  on  accuracy  as  a  function  of 
time,  however  quality  does.  The  accuracy 
curves  do  no*  taper  off  in  the  same  way  for 
the  time  period  of  concern.  There  is  a  con¬ 
tinuing  very  evident  drop  inaccuracy  for  high 
photo  quality,  whereas  accuracy  for  low 
quality  remains  fairly  constant  until  almost 
the  rery  end  of  the  period  where  there  are 
beginnings  of  a  loss  in  accuracy.  The  use  of 
specified  work  time  to  establish  desired  ac¬ 
curacy  levels  therefore  requires  the  estab¬ 
lishment  of  accuracy-  over-»  ime-  functions  for 
different  levels  of  quality. 


E.  HUMAN  FACTORS  EVALUATION  OF  MASK.  ANTIFLASH,  ROCKET  LAUNCHER  M19 
by  Samuel  E.  Jackson  and  Maj.  E.  R.  Clovis,  MSC,  US  Army  Chemical  Research  and 
Development  Laboratories,  Army  Chemical  Center,  Maryland 


Under  tropical  or  temperate  conditions  ine 
gunner  of  a  rocket  launcher  team  canfirehis 
weapon  without  facial  protection.  Under 
arctic  conditions,  however,  there  occurs  a 
bacidlash,  formed  of  unburned  particles  of 
rocket  propellant,  arming  wires,  aiwl  other 
rocket  debris,  which  constitutes  a  serious 
hazard  to  the  gunner’s  face.  The  M19  mask 
was  designed  to  afford  protection  against  this 
backflash.  Chemical  Corps  Engineering 
Command  was  directed  by  CONARC  to  make 
design  improvements  When  we  received  the 
mask,  we  were  told  t)  at  it  had  previously  been 
subjected  to  various  tests  to  determine  its 
ability  to  protect  the  iser  and  was  to  be  type 
classified  pending  our  evaluation.  We  were 
asked  to  determine  whether  gunners  could 
effectively  fire  tneir  weapon  while  wearing 
the  mask. 

Figure  1  shows  the  M19  mask  onamodel  > 
The  mask  consists  of  a  leatherette-faced, 
stiffened  apron  approximately  IScminlength 
to  which  has  been  sewn  the  eyepiece  assembly 
from  a  pair  of  type  I  industrialgogglcs. 

In  order  to  evaluate  human  factor  charac¬ 
teristics  of  the  prototype  mask,  we  studied: 

1.  Extent  of  the  visual  field  for  detection 
of  movement. 

2.  Fogging  and  frosting  of  eyelenses 

3.  Effect  of  the  mask  ontheabihtytotrack 
a  moving  target  with  the  weapon. 

4.  Ease  of  carrying  and  donning  the  mask 

5.  Effect  of  right  vs  left  eye  preference  on 
the  part  of  the  user.  Our  subjects  were  four 
medical  research  volunteers  with  previous 
training  and  experience  with  rocket  launchers. 
In  previous  training,  these  men  had  used  the 
M9A1  Protective  Mask,  with  the  cannister 
ren:o‘'ed,  a?  an  approved  field  expedient  for 
protection  against  rocket  backflash.  One 
subject  had  had  combat  experience  as  a 
bazooka  gunner. 

In  brief  our  results  were  as  follows 

I.  For  visual  field.  (See  Figure  2  - 
Perimetric  Maps).  Figure  2  shows  a 
comparison  of  the  visual  field  for  detec¬ 
tion  of  movement  for  three  subjects  when 
they  wore  the  M19  Mask,  the  M9A1  Pro¬ 
tective  Mask,  and  without  any  mask  Wear¬ 
ing  cither  the  M19  or  the  M9A1  resulted  in 
definite  limitations  of  the  field  of  vision 
for  detection  of  movement.  These  limita¬ 
tions  existed  in  three  ofthefourquadrants, 
becoming  insignificant  only  in  the  superior 
temporal  quadrant.  In  the  inferior  quad¬ 
rants  the  limitation  commonly  exceeded  30* 
and  reached  45*  at  one  place. 

IL  Fogging  -  We  found  by  conducting 
tests  in  climatically  controlled  chambers, 
that  soldiers  who  were  active  enough  to 
perspire  moderately  experience  fogging  of 
the  eye  lenses  sufficient  to  obscure  vision 


within  one-two  minutes  after  donning  the 
mask.  Frosting  occurred  in  less  than  10 
minutes. 

III.  Tracking  -  While  wearing  the  M19 
Mask  experienced  rocket  launcher  gunners 
tracked  moving  targets  only  with  great 
difficulty.  The  principal  sources  of  diffi¬ 
culty  identified  were  (1)  The  harness  strap 
did  not  prevent  the  facepiece  from  sh  -.cing 
when  the  stiffened  length  of  the  apron  hit 
the  body  (e.g.  shoulder,  chest),  or  some 
other  object.  This  caused  the  entire  face- 
piece  and  thus  the  eye  looses  to  be  displaced 
so  that  vision  was  obscured  or  denied, 
(2)  Stray  light  entered  through  the  venting 
mesh  causing  undesirable  reflections  with 
the  resulting  decrease  in  relative  bright- 
nesj  of  the  reticle- sight  picture.  (3)  The 
eye  lens  retaining  ring  caught  on  the  sight 
rim.  Even  steady  sighting  in  the  prone 
position  was  frequentlyimpossible because 
the  bottom  of  the  apron  touched  the  ground 
and  shifted  the  mask. 

IV.  Donning  and  carrying  -  We  found  that 
the  n.ask  could  not  be  donned  easily  over 
the  helmet  and  parka  hood,  if  donned  inthis 
way  by  any  means,  the  eye  was  sofar  from 
the  eye  lens  that  effective  sighting  was 
impossible.  We  farther  found  that  when  the 
mask  was  folded  and  snapped  as  intended, 
the  mask  did  not  fit  any  easily  accessible 
outer  pocket  of  cold  weather  clothing, 
Furthermore,  in  this  folded  configuration 
the  glass  lenses  were  extremely  vulnerable 
to  damage. 

V.  Effect  of  right  vs  left  eve  pref¬ 
erence  -  Soldiers  who  were  normally 
right-^yed  experienced  all  the  difficulties 
enumerated  above.  Soldiers  vho  were 
normally  left-eyed,  and  who  used  their 
left  eye  to  sight  the  weapon  by  canting 
their  head  when  firing  without  a  mask,  were 
completely  unable  to  use  their  preferred 
eye  when  masked. 

On  the  basis  of  these  test  results,  we 
recommended  that  the  prototype  M19  Mask 
be  declared  unsatisfactory  because  minimum 
human  engineering  standards  v'ere  not  met. 
We  recommended  alterations  m  the  mask 
design  that  would  appreciably  raise  user 
efficiency.  Figure  3  shows  a  rough  mock-up 
of  a  new  mask  incorporating  suggested 
changes.  Note  that  we  have  discarded  the 
goggle  assembly  and  replaced  it  with,  (1) 
For  the  s.ghting  eye,  a  cushioned  annulus  of 
a  diameter  sufficient  to  accommodate  the  exit 
pupil  of  the  sight,  no  more;  and  (2)  For  the 
other  eye,  a  sturdy  transparent  plastic  strip 
of  sufficient  flexibility  in  cold  weather  to 
eliminate  excessive  replacement  and  of  suf¬ 
ficient  strength  to  resist  penetration  by  rocket 
debris.  Some  provision  could  be  made  for 
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easv  replacement  of  the  plastic  lens  when 
necessary,  i.e  a  slip- in  pocket.  In  this  way 
the  weapon  sight  itself  protects  the  sighting 
eye,  while  tne  other  eye  is  given  a  broad 
visual  field  for  the  detection  of  movement  and 
target  line-up.  This  arrangement  also  pro¬ 
vides  for  positioning  the  sighting  eye  at  the 
eyec  .p  rather  than  1  cn-  3  cm  behind  it,  and 
at  the  same  time  eliminates  a  superfluous 
glass  barrier  in  the  sighting  path  -  a  glass 
barrier,  incidently,  which  provides  two  sur¬ 
faces  susceptible  to  fogging,  frosting,  and 
scratching.  The  removal  of  the  goggle  as¬ 
sembly  allows  the  mask  to  be  used  with  equal 
ease  by  right  or  left-eyed  persons  through 
the  simple  act  of  flipping  the  nose  channel  in 
or  out. 

We  have  also  reduced  the  apron  length  to 
11  cm  at  each  lateral  edge  and  the  lengtn  of 
the  nose  channel  midline  to  11cm.  This  pro¬ 
vides  good  facial  coverage  while  at  the  same 


time  allowing  much  better  clearance  of  the 
'Shoulder  bulk  of  tne  arctic  clothed  infantry 
soldier. 

The  harness  strap  attachment  points  have 
been  lowered  3,5  cm,  thus  bringing  the 
harness  as  worn  into  the  same  plane  as  the 
eye  openings  of  the  mask  and  the  pupils  of  the 
wearer.  This  should  reduce  considerably 
tne  shifting  of  the  facepiece. 

It  should  be  noted  that  in  this  study  we  did 
not  evaluate,  and  our  recommendations  do  not 
take  account  of  U)  the  strength  of  th  ma¬ 
terials  employed  in  either  the  M19  or  the 
mock-up,  (2)  the  degree  ot  phy£«xcal  protec¬ 
tion  these  materials  provide  against  such 
blast  or  firing  debris  hazards  as  may  exist 
(3)  durability  of  the  mask  under  conditions 
of  field  use  and  (4)  the  effects  of  decontami¬ 
nation  procedures  on  the  condition  of  the 
mask. 
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F.  THE  DISPLAY  EVALUATIVE  INDEX.  A  TECHNIQUE  FOR  EVALUATING  THE  DISPLAY- 
OPERATOR  DECISION-CONTROL  ACTION  LOOP  IN  DISPLAY  SYSTEMS  by  Arthui  I. 
Siegel,  William  Miehel  and  Philip  Federman.  Applied  Psychological  Services,  Wayne , 
Pennsylvania 


With  the  advent  of  more  complex  Signal 
Corp°'  systems  and  the  concomitant  increased 
time  span  between  system  concept  develop¬ 
ment  and  actual  hardware  production,  the 
need  has  arisen  for  methods  and  techniques 
for  comparatively  evaluating  various  design 
concepts  before  prototype  systems  and  sub¬ 
systems  are  actually  produced.  While 
subjective  standards  and  appraisals  possess 
merit  in  the  absence  of  more  objective  and 
reliable  measurement  and  evaluative  tech¬ 
niques,  the  provision  of  quantitative  system 
effectiveness  measurement  techniques  which 
can  be  applied  early  in  the  design  stage  might 
do  much  to  eliminate  costly  design  errors 
and  expensive  retrofits. 

Accordingly,  Applied  Psychological  Serv¬ 
ices  under  contract  with  the  former  Engi* 
neeringScience  Department,  U.S.  Army  Signal 
Research  and  Development  Command,  has 
been  engaged  in  a  research  program  for 
evaluating  the  ability  of  the  displays  in  a 
system  to  transfer  information  to  the  opera¬ 
tor  in  the  system  and  for  the  operator  to  act 
on  the  information  received.  Specifically,  it 
IS  the  purpose  of  this  technique  to  allow 
comparative  answers  to  questions  such  as: 

1.  Can  it  be  expected  that  the  operator 
will  receive,  interpret,  and  act  on  the 
information  presented  by  design  A  in  a 
superior  manner  than  to  designB^ 

2.  If  we  change  a  display,  what  will  be  the 
relative  effect  on  the  equipment's  ability 
to  transfer  information  to  the  operator 
and  on  the  operator's  effectiveness*^ 

This  technique  is  referred  to  henceforth  as 
the  display  evaluative  technique.  The  index 
number  which  emerges  from  application  of 
the  tecluiique  is  referred  to  as  the  display 
evaluative  index  or  DEI.  The  DEI  is  based  on 
five  factors,  each  consisting  of  a  base 
raised  to  a  power.  Except  for  th=  fifth  or 
cost  factor,  the  exponents  are  constant  and 
fixed.  The  base  values  depend  on  the  system 
(including  the  operator}  under  consideration 
and  are  based  on  axioms  dra**'  from  com¬ 
munications  engineering  Ci<  -  For  the 
ideal  system,  each  factor  ('  ’'<•  exception 

of  the  cost  factor)  possess^:  lueofumty, 

the  valu''s  approach  zero  as  a  limit  for  the 
wo^at  equipment  design  case.  In  actual 
-).'3ctice  the  cost  factor  will  also  be  less  than 
one.  Since  the  value  of  each  base  may  range 
from  zero  to  one,  the  range  of  each  base 
raised  to  any  power  is  also  from  zero  to  one 
and  the  DEI  (the  product  of  the  five  factors) 
also  ra.iges  from  zero  to  one. 

DEI=  a®b‘’c'd'*e' 

where  A  to  E  are  the  bases  and  a  to  e  are 
the  exponents  which  weightthe  varioii  bases. 


If  cost  IS  of  no  consideration,  the  cost  factor, 
E®,  may  be  suppressed  by  setting  e  equal  to 
zero. 

Each  of  the  five  bases  involved  evaluates 
(a)  different  system  design  factor(s) 

Base  A  Base  A  provides  an  evaluation 
of  the  adequacy  of  the  design 
from  the  point  of  view  of  num¬ 
ber  and  complexity  of  the 
display-o  p  e  r  a  t  o  r  decision- 
control  action  loops  in  the 
system. 

Base  B  Base  B  considers  system  com¬ 
plexity  in  terms  of  the  number 
of  indicators,  number  of  con¬ 
trols,  used  and  unused  indica¬ 
tors  and  controls,  and  displs^y- 
control  linkage. 

Base  C  Base  C  involves  the  time 
required  by  the  "average" 
operator  to  complete  a  desired 
sequence  of  subtasks,  the  allo¬ 
cated  time  for  subtask  sequence 
completion,  and  mismatch  be¬ 
tween  display  information  and 
operator  control  action  infor¬ 
mation. 

Base  D  Base  D  reflects  the  complexity 
of  the  system  or  the  totalnum- 
ber  of  displays  and  controls  in 
the  display-human  operator- 
control  loop. 

Base  E  Base  £  reflects  cost  factors. 

All  other  things  being  equal, 
the  system  that  costs  the  least 
to  acquire,  operate  and  main¬ 
tain,  is  assumed  superior. 

To  calculate  the  DEI,  a  "transfer  chart" 
describing  and  linking  the  displays,  decisions 
and  controls  of  one  or  more  task  sequences 
performed  by  the  operator  in  the  system  is 
prepared.  Bases  A,  B  and  D  are  found  from 
the  transfer  chart.  Base  C  comes  from  a 
separate  calculation  of  estimated  operator 
time  requirements,  critical  time  require¬ 
ments,  and  information  mismatch.  Estimated 
information  processing  time  is  based  on  a 
formula  derived  from  data  presented  by 
Woodworth  and  Schlosberg  (195S):  Tk  s  .  >5  4 
.49  I(j,  where 

s  minimum  time  required  for  linkK 
=  number  of  digits  in  display 


no 


The  bases  are  calculated  as  follows. 


A 


"  1  +  1 


uhcrc  Wj  = 


weight  of  link 


and  W  =  1/2  for  a  corroborative  (two  state) 
indicator 


W  =  1  for  a  corroborative  multiple 
choice  indicator 


W  =  1  for  a  ore  bit  irdicator 
W  =  2  for  a  multi  bit  indicator 
W  =  4  for  a  computation^  table  look¬ 
up,  etc 

W  =  0  tor  links  which  are  of  a  con¬ 
junctive  nature  and  for  links 
from  “and"  element 

„  r(n  +  rtiKil  f(n  +  m)uT 

=  l-tn — i  ■  [crrsfj  • 


where  n  =  no.  of  indicators 
m  s  no.  of  controls 
N  s  no.  of  forward  links 
(’'  +■  mill  =  sum  of  elements  used  (connected 
to  forward  links) 

(n  +  m)t  s  total  no.  of  indicators  and  con¬ 
trols 

C  =  e  (Tk  -  'k)  -  ^k  l%l  .  ‘k  <  I'k 


where  s  minimum  time  required  for  link  k 
t}f  3  time  allotted  for  link  k 

3  mismatch  in  digits  between  ele¬ 
ments  connected  by  k*"  link 


where  no  s  number  of  “other  elements" 
(neither  distlay  or  control) 


Q  s  number  of  individual  components 


E  3  e 


1 


where  $i  =  initial  cost 

$0  -  operating  cost/year 
$r  =  reasonable  cost 
Development  of  the  DEI 

The  DEI  was  first  worked  out  on  the  origi¬ 
nal  tv),  and  four  hypothetical  variations 
(1,2, a, 4)  of  the  AN/MPQ-4A  intercept  radar 
set.  Two  human  factors  specialists  who  are 
members  of  the  Applied  Psychological  Serv¬ 
ices’  staff,  were  asked  to  rate  these  systems. 
The  ranks  assigned  by  the  two  experts  were 


3,2, 0,4,1  and  3,2,0, 1,4  (in  which  3  is  best). 
These  agreed  with  the  unweighted  DEI  3,2, 
original,  4,1  To  increase- the  sensitivity  of 
the  index,  the  base  ”2lv.es  were  transformed 
as  follows 

DEi=  A  VS- 

Following  this  the  technique  was  applied  to 
a  special  purpose  radar  system,  the  AN/FPS- 
56.  Again  the  original  (O)  and  four  hypo¬ 
thetical  variations  of  the  original  (’  2,3,4) 
were  judged  from  the  point  of  view  of  the 
adequacy  of  the  display  reading  -*•  operator 
decision  — *■  control  action  loop  inth»*  system. 
The  DEI  technique  produced  a  hierarchical 
ordering  of  3, 4,0,2, 1  while  the  rankings  of  the 
experts  were  4,3  (tie)  0,1,2  and  4,3,2,0,1. 
Similar  agreement  between  the  technique  and 
Applied  Psychological  Services’  staff  mem¬ 
bers  judgement  of  the  relative  merit  of  design 
variations  of  a  public  address  set  andacom- 
plex  situational  target  monitoring  and  assign¬ 
ment  task  were  obtained.  Thus  it  appeared 
as  if  the  technique  might  be  generally  applic¬ 
able  and  that  more  rigid  validation  was 
appropriate. 

Validity  of  the  DEI  Technique 


The  validity  of  a  technique  such  as  the  one 
described  can  be  supported  from  several 
points  of  view.  One  point  of  view  is  the 
conceptual  validity  of  the  technique.  By  con¬ 
ceptual  validity  IS  meant  the  reasonableness 
of  the  concepts  from  which  the  technique  is 
drav.'n  and  upon  which  the  technique  is  based. 
The  conceptual  basis  of  the  DEI  technique  and 
its  roots  in  communications  engineering 
constructs  have  been  discussed  elsewhere 
(Siegel  and  Miehle,  1961).  Some  persons 
would  argue  that  conceptual  validity  alone  is 
sufficient  for  an  acceptable  technique.  The 
present  authors  maintain,  however,  that  if  a 
technique  can  be  shown  to  possess  conceptual 
validity  and  if  it  can  also  be  shown  that  the 
new  technique  correlates  well  with  some  other 
acceptable  measure  of  the  function  being 
evaluated,  then  the  new  technique  gams  addi¬ 
tional  support. 

Four  prominent  men  (three  psychologists 
and  one  engineer)  in  the  fields  of  human 
factors  and  information  theory  were  asked 
to  evaluate  various  system  and  contrived 
variations  of  these  systems.  The  major  con¬ 
siderations  examined  by  the  authoritati\? 
raters  were  the  various  displays  in  the  re¬ 
spective  systems  and  the  ability  of  the  dis¬ 
plays  to  transfer  the  requisite  irdormationto 
the  operator,  the  manipulations  of  controls, 
the  various  decisions  and  judgments  required 
by  the  operator  in  each  system,  and  the 
estimations  and  calculations  that  the  operator 
makes  in  fulfillinghis  functions  in  the  system. 
Correlational  analyses  were  performed  be¬ 
tween  the  ratings  of  these  experts  and  the 
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DEI  values  Insofar  as  the  DEI  values  corre¬ 
late  well  with  the  evaluative  opinions  of  the 
outside  expert  raters,  it  may  be  claimedthat 
the  technique  is  valid  for  discriminating  be¬ 
tween  '  ar.ations  of  the  same  s/stem 

The  results  for  each  of  the  four  systems 
and  th-  i_*  variations  were  averaged  over  the 
four  raters  and  ranked  hierarchically.  Rank 
order  coefficients  of  correlation  were  calcu¬ 
lated  between  these  data  and  the  ranked  data 
obtained  from  the  application  of  the  DEI 
technique.  These  correlations  are  presented 
as  Table  1 

An  analysis  of  the  agreement  between  the 
individual  experts  and  the  DEI  is  presented 
as  Table  2. 

Table  1 


Rank  Order  Correlations  Betweenthe 
Authorities*  Mean  Ranks  and  the  DEls 


System 

Correlation 

Radar  Set  AN/MPQ-4Aand 
four  variations 

1.00 

Radar  Set  AN/FPS-56  (Track- 
int»  and  Plotting)  and  four 
variations 

.90 

Radar  Set  AN/FPS-56  (Target 
Definition)  and  four  variations 

.80 

Radar  Set  AN/FPS-56  (Target 
Ranging)  and  four  variations 

1.00 

Public  Address  Set  AN/UIH-5 
and  four  variations 

.90 

APS.251 

1.00 

The  obtained  correlations  between  the 
raters’  evaluations  and  the  calculated  DEI 
values  indicate  relatively  high  agreement 
between  the  two  variates  for  predictive  pur¬ 
poses.  These  findings  suggest  that  the  pur¬ 
ported  pirpose  of  the  development  of  a 


technique  for  evaluating  the  effectiveness  of 
displays  in  systems  to  transfer  information 
to  an  operator  and  for  the  operator  to  act  on 
the  information  has  been,  at  least  to  some 
extent,  achieved. 

Reliability  of  the  DEI  Technique 

In  actual  use  of  a  technique  such  as  DEI 
method,  there  is  always  the  possibility  of 
some  variation  in  the  analysis  if  different 
users  apply  the  technique  to  the  same  syst^'m. 
This  variation  may  result  from  different 
interpretations  of  the  system’s  design  and 
function  and  of  the  task.  There  may  be 
differences  in  the  evaluators'  backgrounds 
and  the  users  may  lack  a  precise  description 
of  operator’s  tasks  andthe  systems.  Another 
source  of  inconsistency  may  He  in  differ¬ 
ences  of  interpretation  of  the  rules  for 
applying  the  technique. 

Theiefore,  for  each  equipment  and  its 
variations  reported  here,  a  separate  DEI 
technique  application  was  made  by  two  or 
three  peopxs  The  purpose  of  these  separate 
applications  was  to  obtain  an  indication  of 
the  uniqueness  or  agreement  between  the 
equipment  rankings  obtained  by  different 
users  of  the  DEI  technique. 

Rank  order  intraclass  correlations  were 
calculated  to  indicate  the  extent  of  agreement 
among  the  rankings  obtained  by  the  various 
evaluators  who  applied  the  technique  to  the 
systems  considered.  The  obtained  correla¬ 
tions  are  presented  for  each  base  as  well  as 
for  the  total  DEI  m  Table  3. 

In  computing  correlations,  only  rank  orders 
were  considered  and  the  correlation  between 
users  was  determined  for  the  individual 
bases  as  well  as  for  the  DEIs  In  cases  in 
which  two  variations  possessed  close  DEI 
values,  the  variations  were  nevertheless 
considered  as  having  distinct  ranks  rather 
than  being  considered  as  ties.  This  makes 
the  test  quite  severe,  especially  for  the  in¬ 
dividual  bases,  where  there  is  no  essential 
difference  between  two  variations  for  the 
aspect  which  that  base  evaluates. 


Table  2 

Rank  Order  Correlations  Between  Individual  Raters  and  the  DEI 


Rater 

Radar  Set 
AN/MPQ-4A 

Radar  Set 
AN/FPS-56 
(Tracking  and 
plotting) 

Radar  Set 
AN/FPS-56 
(Target 
Definition) 

Radar  Set 
AN/FPS-56 
(Target 
Ranging) 

Public  Address  Set 

AN/UIH-3  APS-251 

A. 

1.00 

.90 

.40 

.80 

.70 

.80 

B. 

1.00 

.70 

.80 

.40 

-.40 

.40 

C. 

I.OO 

.67 

.80 

.60 

.90 

.80 

D. 

I.OO 

1.00 

.40 

-.40 

.90 

1.00 
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Table  3  reveals  high  reliability  coeffi¬ 
cients.  With  tne  exception  o£  SIX  coefficients, 
there  was  perfect  agreement  among  the 
evaluators  who  used  the  DEI  technique.  It 
was  pointed  out  at  the  outset  that  the  goal  of 
the  current  program  is  the  determination  of 
a  technique  for  determining  the  relative  merit 
of  equipment  design  variations  from  the 


display  — ►  operator  decision  — >  control 
action  point  of  view.  Thus,  even  if  different 
values  are  derived  by  different  users  of  the 
technique,  the  present  results  suggest  that 
the  obtained  relative  order  of  merit  between 
the  users  will  agree  and  <^hat  the  technique 
does  not  suffer  from  this  point  of  view. 


Table  3 


Reliability  Coefficients  for  the  Total  DEI  and  the  Bases 


System 

Radar  Set/%N/MPQ-4A 

Radar  Set  AN/FPS-56  (Tracking  and  Plotting) 
Radar  Set  AN/FPS-S6  (Target  Definition) 
Radar  Set  AN/FPS-56  (Target Rangmg) 
Public  Address  SetAN/UIH-3 
APS-251 


Discussion 

The  results  of  the  work  completed  suggest 
that  the  DEI  technique  possesses  sensitivity 
for  evaluating  the  adequacy  ofthcdesignofan 
equipment  from  the  information  transfer 
(display  — ^  operator  decision  —*■  control 
action)  point  of  view.  The  display  evaluative 
iii<;iu.>;  (DEI),  a$  the  technique  has  come  to  be 
called,  was  applied  to  six  distinct  tasks  over 
four  different  equipment  types  and  hypo¬ 
thetical  variations  of  these  equipments.  In 
all  instances  the  results  suggested  the  DEI 
technique  to  possess  capability. 

In  the  application  of  the  DEI  technique,  a 
transfer  chart  must  be  prepared  It  is  pos¬ 
sible  that  subjective  variation  among  differ¬ 
ent  analysts  or  users  who  might  prepare  the 
transfer  chart,  could  introduce  a  degree  of 
inter-analyst  inconsistency  intothe  technique. 
Such  inconsistency  could  limit  its  effective¬ 
ness.  This  variation  could  be  caused  by 
different  interpretations  of  a  system’s  design, 
function,  or  task,  as  well  as  dif'erences  in 
the  analysts’  backgrounds.  The  inter-analyst 
reliabil  ty  study  performed  to  estimate  the 
o^ent  of  this  effect  among  the  various 
analysts  employed  by  Applied  Psychological 
Services  indicated  very  close  agreement 
among  the  analysts  using  the  DEI  technique. 
While  this  finding  does  not  negate  the  fact  that 
analysts  may  vary  somewhat  from  one  an¬ 
other,  it  suggests  that  the  technique  does  not 
suffer  from  this  constraint.  Moreover,  it 
may  be  pointed  out  that  the  preparation  of  \ne 
transfer  chart  is  a  relatively  objective  pro¬ 
cess  which  involves  listing  the  displays  and 


Total  DEI 

Base  A 

Base  B 

Base  C 

Base  D 

.93 

.86 

.80 

1.00 

1.00 

1.00 

1.00 

.90 

1.00 

1  00 

1.00 

1. 00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

.93 

1.00 

1.00 

1.00 

1.00 

1.00 

I.OO 

1.00 

1.00 

1.00 

controls  and  linking  those  that  affect  each 
other.  Beyond  this  point,  a  set  of  ground 
rules  are  applied  for  deriving  the  resultant 
DEI  value.  Thus,  the  emergent  index  value 
IS  largely  a  function  of  the  objective  indi¬ 
vidual  base  formulas  and  mathematicaltech- 
mque.  The  resultant  DEI  may  be  compared 
and  contrasted  with  an  evaluative  figure 
derived  from  alternative  approaches,  check¬ 
lists,  and  rating  scales.  In  these  approaches, 
the  derived  scores  rest  considerably  upon 
the  subjective  evaluations,  biases,  and  ideo- 
syncratic  tendencies  of  the  observer  involved. 
Little  opportunity  for  introducing  these 
effects  exist  in  the  DEI  technique. 

The  validity  of  the  DEI  technique  rests  on 
two  pillars.  The  first  pillar  is  “concept” 
validity.  The  technique  is  drawn  from  a 
series  of  principles  logically  related  to  and 
drawn  from  information  theory  constructs. 
To  the  extent  that  the  user  accepts  these 
constructs  and  the  derived  principle,  to  that 
extent  will  the  DEI  technique  be  acceptable  to 
him.  On  the  other  hand,  information  theory 
or  the  present  extrapolations  therefrom,  may 
not  be  impressive  to  some  persons.  Accord¬ 
ingly,  we  point  also  to  the  second  pillar  upon 
which  contentions  supporting  the  validity  of 
the  DEI  technique  rest,  the  empirical  validity. 
The  vahdational  studies  suggested  that  the 
technique  empirically  correlated  in  a  strong 
positive  manner  {medan  rho  =  .95)  with  the 
opinions  of  accepted  human  factors  au¬ 
thorities.  While  the  validity  of  the  technique 
has  only  been  demonstrated  forthree classes 
of  equipinents,  future  studies  are  planned 
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which  will  cstend  the  empirical  valioity  to 
other  equipment  classes 

It  has  also  been  demonstrated  that  the 
bases  are  theoretically  independent  of  each 
other  However,  the  question  of  whetherthis 
indepe'’dence  is  true  in  application  remains 
open  Studies  in  this  regard  are  currently 
being  performed. 

It  IS  not  believed  that  the  sensitivity, 
reliability,  and  validity  here  indicated  can  be 
obtained  by  users  with  no  training  in  the  use 
of  the  technique.  While  the  requisite  training 
IS  believed  minimal,  nevertheless  standardi- 
zation  of  approach  and  application  is  re¬ 
quired.  For  this  reason,  a  handbook  or 
manual  for  the  use  of  the  DEI  is  also  under 
preparation.  The  handbook  of  instructions 
attempts  to  present  a  concise,  step-by-step 
procedure  for  applying  the  technique. 

It  is  noted  that  only  single  operator  equip¬ 
ments  were  considered  in  the  present  work. 
Multiple  operator  systems  present  situations 
of  a  different  magnitude  and  nature  and 
must  be  studied  separately  for  the  develop¬ 
ment  of  evaluative  techniques.  Additionally, 
tiic  displays  involved  in  the  system  studied 
were  two  dimersional  visual  displays,  with 
standard  controls.  Although  three  dimen¬ 
sional  displays  are  possible  on  Signal  Corps' 
equipment,  the  extent  to  which  the  DEI 
technique  may  be  applied  to  three  dimen¬ 
sional  and  to  auditory  displays  remains  open. 


Conclusions 


The  results  of  the  work  here  summarized 
and  reported  suggest  the  following  con¬ 
clusions 

1  The  DEI  technique  possesses  ade¬ 
quate  sensitivity  for  quantitatively 
distinguishing  between  variation  in 
the  display  — ►  operator  decision 
—»  control  loops  in  classes  of 
equipment  similar  to  those  here 
tested. 

2.  With  trained  users,  the  betwee..  user 
reliability  of  the  technique  is 
adequate. 

3  The  index  number  (DEI)  emerging 
from  application  of  the  technique  to 
a  series  of  equipments  correlated 
acceptably  with  the  ielati”e  ratings 
of  authorities. 

4.  By  implication,  the  DEI  technique 
represents  a  useful  tool  for  aiding 
in  the  selection  of  an  equipment  de¬ 
sign  from  several  alternative  early 
equipment  designs. 

References 

Siegel,  A.  and  Miehle,  W.  Information 
transfer  in  display-control systemsSurvey 
and  variables  in  a  proposed  disply  eval¬ 
uative  index.  Wayne,  Pa.  .*Vpplied  Psycho¬ 
logical  Sej^iccs,  1961. 

Woodworth,  R.,  and  Schlosberg,  H.  Experi- 
mental  psychology.  New  York’  Henry  Holt, 


114 


CHAPTER  4 

HUMAK  FACTORS  AND  THE  INFANTRYMAN 
CONFERENCE  SESSION  III  A 

A.  THE  ASSESSMENT  OF  HUMAN  FACTORS  IN  LAND  NAVIGATIONAL  ABILITY  Theodore 
R.  Powers;  U.S.  Army  Infantry  Human  Research  Unxt,  Fort  Bennxng,  Georgia 

D.  PROBLEMS  IN  lE  DESIGN  OF  AN  ARTICULATED  ARMOR  VEST  USING  RIGID  COM¬ 
PONENTS  Edward  R.  Barron,  U.S.  Army  Quartermaster  Research  and  Engineering 
Command,  Natick.  Massachusetts 

C.  DESIGN  AND  DEVELOPMENT  OF  GLOVES.  Herman  Madnick,  U.S.  Army  Quartermaster 
Research  and  Engineering  Command,  Natick,  Massachusetts 

D.  LIMB  SENSITIVITY  TO  TRIPWIRES  Oino  R  DeTogni  and  Paul  S.  Strauss,  Picatinny 
Arsenal,  Dover,  Ne  /  Jersey 

E.  SURVEY  OF  THE  EFFECTS  OF  LOADCARRYING  AND  EQUIPMENT  DESIGN  UPON 
TASKS  PERFORMED  BY  THE  COMBAT  INFANTRYMAN  MarUn  A,  Tolcott  and  Morris 
Kolnicker,  Dunlap  and  Associates,  Inc. ,  Stamford,  Connecticut 


A.  THE  ASSESSMENT  OF  HUMAN  FACTORS  INLAND  NAVIGATIONAL  ABILITY  by  Theodore 
R  Powers.  US  Army  Infantry  Human  Research  Unit,  Fort  Benning,  Georgia 


INTRODUCTION 

It  is  probable  that  some  groups  in  our 
socic«y  feel  that  the  Infantryman's  job  is  a 
sinpie,  straightforward  task,  requiring  no 
more  than  the  strengthtocarry  a  rifleand  the 
ability  to  follow  a  multitude  of  orders  This 
hypothesis  is  not  sustained  when  the  various 
skills  areas,  making  up  the  Infantryman’s 
MOS,  are  closely  examined.  If  this  exami¬ 
nation  IS  made,  it  is  found  that  what  was  once 
conceived  to  be  a  unitary  task  of  minimum 
complexity,  has  become  a  multidimensional 
complex  performance  area  that  is  not  easily 
learned  nor  always  remembered.  Because  of 
this  shift  from  simplicity  to  complexity, 
human  factors  research  should offerguidance 
in  all  skill  areaswhere  there  appears  tobe  a 
military  problem. 

in  World  War  11,  Korea,  and  now  the  Far 
East,  unit  co.-umanders  have  reported  that 
troops  in  their  command  have  oftentimes  been 
unable  to  move  accurately  from  point  to  point 
across  unfamiliar  terrain.  This  type  of 
movement  will  be  referred  to  hereafter  as 
lard  navigation.  Land  navigation  can  be  ac¬ 
complished  by  either  dead  reckoning  in  which 
compass  azimuths  are  used  for  directionand 
paces  are  counted  to  measure  distance 
traveled,  or  by  map  terrain  association  in 
which  location  is  determined  by  associating 
represented  terrain  features  on  the  map  with 
those  same  features  on  the  ground. 

During  the  design  of  an  Advanced  Land 
Navigation  program  to  be  used  in  Infantry 
Advanced  Individual  Training,  many  facets  of 
the  land  navigation  process  were  examined, 
particularly  with  reference  to  the  human 
factors  relationship  to  the  Infantryman.  To¬ 
day,  I  am  going  to  tell  you  about  the  results  of 
some  of  this  research, 

STUDIES 

The  first  study  I  shall  discuss  deals  with 
the  area  of  land  navigation  as  an  integrated 
complex  performance  task.  As  a  place  of 
departure  for  our  studies,  a  job  description 
and  an  analysis  of  land  navigation  were  com¬ 
pleted  and  seven  basic  navigational  skills 
were  idcnt.fied  These  are  compass  sighting, 
chcc" 'pOint  recognition,  map  orientation, 
,.os>tion  location,  azimuth  determination,  ac¬ 
curacy  of  pacing,  and  map-distance  measure¬ 
ment.  These  skills  were  arranged  into  a 
proficiency  type  skills  test  where  each  skill 
v?s  te«»cd  separately. 

In  the  next  step  in  the  research,  the 
question  of  navigational  difficulty  was  con- 
^iderea.  We  found  that  the  major  variable 
in  controlling  navigational  difficulty  was  the 
identification  and  subsequent  variation  of 


certain  physical  features  which  are  present  on 
a  representative  sample  of  terrain.  Accora- 
ingly,  eight  terrain  factors  were  selected  as 
difficulty-determining  parameters  These  are 
total  route  length,  individual  leg  length,  num¬ 
ber  of  legs,  obstacle  size,  amount  of  vegeta¬ 
tion,  check-point  recognizability,  degree  of 
slope,  ana  objective  size. 

By  varying  these  eight  parameters,  avi- 
gational  routes  of  three  levels  of  difficulty 
(easy,  moderate,  difficult)  were  constructed 
and  used  to  assess  performance  of  the  in- 
tergrated  job  of  land  navigational thesethree 
levels.  A  counterbalanced  designwasusedin 
which  half  the  subjects  received  the  individual 
skills  test  before  navigating  a  rcutc,  and  half 
received  it  afterwards, 

S,xty  Infantrymen,  selected  from  24  rifle 
companies  of  an  Infantry  Division,  were  eval¬ 
uated.  Varying  in  rank  from  Private  First 
Class  to  Corporal,  all  subjects  were  gradu¬ 
ates  of  Basic  Combat  Training  and  Advanced 
Individual  Training,  and  had  participated  in 
an  average  of  three  months  of  Basic  Unit 
Traini.-.g. 

The  procedure,  for  any  one  Infantryman, 
was  as  follows  He  was  given  a  general 
orientation  conc«rning  the  activities  he  would 
undergo  for  the  day.  He  was  then  given  the 
individual  skills  test,  if  he  was  in  the  ap¬ 
propriate  group,  and  next  taken  to  one  of  the 
navigational  routes.  There  the  soldier  •vas 
given  a  map,  a  compass,  a  pace  cord,  and 
a  route  card,  which  had  magnetic  azimuths, 
distances,  and  check  points  recorded  on  it. 
He  was  next  given  a  route  briefing  covering 
all  pertinent  aspects  of  the  route 

As  the  Infantryman  navigated  over  the 
route  he  was  accompanied  by  an  observer. 
This  observer  walked  about  ten  meters  behind 
the  navigator  and  carried  a  checklist  of  navi¬ 
gational  behaviors.  As  significant  behavior 
occurred  it  was  noted  by  the  observer  on  the 
checklist.  At  the  completion  of  the  route  the 
Infantryman  was  given  an  interview  in  which 
he  was  asked  to  explain  some  of  the  behavior 
he  exhibited  while  navigating  the  route. 

The  methods  of  assessment  just  outlined 
proved  to  be  excellent  diagnostic  tools.  The 
proficiency  of  various  skill  areas  was  estab¬ 
lished  and  appropriate  action  has  been  taken 
in  the  Advanced  Land  Navigational  Program 
to  stress  those  skill  areas  which  were  found 
to  have  a  low  level  of  proficiency  in  the 
present  investigation. 

As  a  result  of  this  investigation,  the 
validity  of  the  terrain  difficulty  parameters 
was  established.  It  was  found  that  55  per 
cent  of  the  Iruantrymen  reach  the  objective 
on  the  easy  routes,  45  per  cent  o>.  the 
moderate  routes,  and  5  per  cent  on  the 
difficult  routes. 
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Since  there  were  no  background  data  on 
which  to  scale  the  various  route  difficulty 
dimensions,  it  had  been  decided  to  use  a 
mathematical  average  of  the  difficult  and  easy 
route  parameters  for  determiningthequanti- 
fication  of  variables  for  the  moderate  routes. 
For  example,  the  easy  routes  were  one  mile 
in  longth,  the  moderate  routes  one  and  one- 
hilf  miles,  and  the  difficult  routes  two  miles. 
Although  this  type  scaling  turned  out  quite 
well  in  general,  it  is  obvious  that,  witha  55-, 
45-,  5-per  cent  split,  some  of  the  determining 
parameters  are  probably  curvilinear  inform 
rather  than  simply  linear. 

An  interesting  side  light  developed  when 
the  data  of  this  study  were  analyzed.  It 
was  found  that  there  was  no  statistically  sig¬ 
nificant  relationship  between  scores  on  the  in¬ 
dividual  skills  test  and  navigational  behavi«.r 
on  the  routes  where  the  skills  were  required 
to  be  integrated.  This  implies  that  land 
navigational  ability  should onlybetestedmthe 
operational  setting,  as  a  proficiency  type  in¬ 
dividual  skills  test  will  not  be  able  to  predict 
with  validity. 

From  this  general  study  several  specific 
human  factors  questions  arose  on  whichthere 
were  no  empirical  data..  Accordingly,  a 
further  series  of  studies  was  designed  in 
order  to  answer  specific  questions. 

One  question  that  had  arisen  during  the 
conduct  of  the  previous  investigation  was  the 
effect  of  various  hand-held  weapons  upon  the 
magnetic  field  of  the  compass.  Although 
Field  Manual  21-26  gave  some  general  rules 
for  several  weapons,  it  was  found  tnat  these 
rules  were  not  based  on  empirical  data  and, 
further,  did  not  cover  some  of  the  newer  weap¬ 
ons  available  to  the  Infantryman.  Accord¬ 
ingly,  a  study  was  prepared  in  which  all 
hand-held  weapons  ordinarily  available  to  the 
soldier  in  an  Infantry  battle  group  were 
studied  as  to  their  effect  on  the  compass. 
Specifically  these  were  the  M!  rifle,  M14 
rifle,  M60  machinegun,  M79  grenade 
launcher,  .45  Cal  pistol,  M26A1  hand  grenade, 
and  bayonet.  Further,  such  items  or  equip¬ 
ment  as  the  helment,  entrenching  tool,  can¬ 
teen,  and  the  web  harness  and  pack  were  in¬ 
cluded  in  the  study. 

It  is  well  known  that  a  magnetic  field  is 
not  circular  in  shape  but  instead  exhibits 
concentrated  lines  of  force  at  both  the  north 
and  south  poles  of  the  specific  field.  There¬ 
fore,  the  compass  was  placed  in  a  stationary 
posit:./]!  and  the  various  weapons  and  items  of 
equipment  were  moved  toward  andawayfrom 
it  using  eight  different  directions.  Amodtfied 
method  of  limits  was  used,  with  a  compass 
needle  deflection  of  five  degrees  serving  as 
the  criterion  of  effect. 

As  expected,  there  was  a  direct  relation¬ 
ship  shown  between  the  direction  from  which 
the  equipment  approached  and  the  deflection 
distance  of  the  compass  needle.  In  general, 
the  least  effect  was  shown  when  theapproach 


was  from  either  a  north  or  south  direction 
and  the  greatest  effect  was  exhibited  whenthe 
approach  was  from  the  east  or  west. 

For  purposes  of  simplicity,  the  greatest 
distance,  regardless  of  direction,  at  which  the 
criterion  effect  was  shov/n  was  labeled  the 
danger  distance  for  the  particular  piece  oi 
equipment  under  study. 

It  was  found  that  the  danger  distances 
varied  from  0  to  15  inches  depending  on  the 
specific  piece  of  equipment  tested.  In  gen¬ 
eral,  as  che  mass  ofthe  equipment  increased, 
the  danger  distance  also  increased  .o  that 
the  maximum  danger  distance  recorded  was 
for  the  M60  machinegun  which  was  also  the 
largest  piece  of  equipment  tested. 

Because  of  the  smalldanger  distances  for 
the  smaller  items  of  equipment,*  it  was  found 
that,  if  an  Infantryman  was  equipped  with  a 
web  belt,  ciiiu  pcivk,  had  anenirench- 

ing  tool  and  a  canteen  in  the  usual  positions, 
had  two  M26A1  grenades  clipped  on  the  har¬ 
ness  near  the  soulders,  had  his  rifle  slung 
over  either  shoulder,  and  was  wearing  a 
helmet,  he  could  use  the  compass  without 
laying  down  any  of  this  equipment.  However, 
it  is  suggested  that  for  the  larger  hand-held 
weapons  a  distance  of  at  least  one  meter 
should  be  considered  as  the  safe  limit  for  the 
operation  of  the  compass. 

The  question  of  whether  to  lay  down  equip¬ 
ment  when  using  the  compass  evolved  into 
another  area  of  research.  Theusualcompass 
holding  position,  taught  in  the  navigational 
courses,  is  called  the  sighting  technique. 
This  requires  that  the  navigator  hold  the  com¬ 
pass  at  eye  level,  sight  through  a  pair  of 
slots  at  the  desired  object,  and  then  focus 
a  glass  eyepiece  so  that  he  can  read  the 
directional  azimuth  which  appears  under  the 
index  hne.  Altogether,  there  are  seven 
different  steps  tlut  must  be  completed  to 
ensure  a  correct  reading  when  using  the 
Sighting  method. 

We  had  found  that  trainees  often  did  not 
bother  to  complete  all  the  steps  required  for 
sighting  and  thus  many  times  obtained  an 
incorrect  reading  on  the  dial  of  the  compass. 
The  question  arose  as  to  whether  another 
compass  method  could  be  found  that  was  just 
as  accurate  as  sighting  but  was  less  tedious 
to  use. 

It  had  been  known  for  some  time  that  there 
was  a  different  compass  holding  technique 
used  by  many  experienced  navigators.  This 
was  usually  called  **shooting  from  the  hip” 
and  was  known  to  be  a  faster  way  of  using  the 
comapss.  Essentially  this  required  the  navi¬ 
gator  to  simply  open  up  the  compass  all  the 
way,  hold  it  at  about  waist  level,  and  to  look 
out  over  the  cover  ofthe  compassatthe  object 
in  question.  He  then  read  the  directional 
azimuth  directly  under  the  index  line  without 
the  aid  of  the  magnifying  lens.  This  technique 
reduced  the  number  of  steps  required  for 
efficient  operation  from  seven  to  two.  The 
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question  to  be  answered,  however,  was 
vhether  when  the  trainee  used  tfti«  hip  shoot¬ 
ing  technique  he  could  be  as  accurate  in  his 
determination  o£  azimuths  as  he  was  when  he 
used  a  sighting  technique. 

Accordingi>,  a  study  was  designed  which 
varied  the  compass  holding  techniques  under 
two  conditions.  The  first  condition  had  the 
suojects  sight  on  a  number  of  panels  and  give 
the  magnetic  azimuths  to  the  panels.  The 
second  condition  required  the  subjects  to 
navigate  from  point-to-point  while  using  the 
compass  i*i  a  specified  holding  position. 
Compass  positions  were  counterbalanced  and 
varied  so  that  all  subjects  used  all  compass 
holding  positions  on  various  navigational 
routes.  This  test  was  held  under  both  day 
and  night  conditions  of  illumination. 

It  was  found  that,  in  the  test  which  re¬ 
quired  signting  on  the  panels,  there  was  no 
nifference  between  the  two  compass  holding 
positions.  Thus,  it  appeared  that  the  hip 
shooting  method  of  compass  usage  was  just 
as  accurate  as  was  the  standard  sighting 
method  when  used  in  a  stationary  position. 
However,  in  the  route  navigation  part  of  the 
test,  it  was  found  that,  when  subjects  used  a 
hip  shoot  procedure,  they  hit  their  objective 
more  often  (statistically  significant  at  the 
five-per  cent  level)  than  they  did  when  they 
used  the  sigh*i»'g  position.  We  believe  this 
was  due  to  the  fact  that  the  hip  shooting 
method,  while  being  just  as  accurate  as  sight¬ 
ing,  was  muen  easier  and  quicker  for  the 
trainee  to  use  and  thus  the  subjects  were 
more  proficient  when  using  this  technique. 

Since  that  study  was  completed,  we  have 
refined  this  technique  and  now  call  it  the 
center-hold  method  of  compass  usage.  We 
recommend  that  the  trainee  hold  the  compass 
in  the  center  of  the  body  ana  vary  the  vertical 
position  up  and  down  until  his  personal  visual 
acuity  gives  nim  a  good  focus  on  the  dial. 
This  IS  the  only  compass  holding  technique 
that  will  be  taught  in  our  Advanced  Land 
Navigation  Program, 

While  1  am  reporting  to  you  some  studies 
that  we  did  involving  the  compass,  I  will 
mention  a  survey  we  carried  out  concerning 
the  condition  of  fogging  that  was  reported 
to  occur  on  occasion  inside  the  cover  glass 
of  the  compass  dial. 

The  present  compass  has  two  main  glass 
surfaces.  One  glass  acts  as  a  cover  to  the 
bowl  of  the  compass,  and  the  other  glass  is 
imm.:uiately  above  this  and  has  several 
lechnical  uses  for  navigational  purposes. 
It  had  been  reported  that  sometimes  fogging 
would  occur  between  the  two  glass  surfaces 
and  since  the  top  piece  of  glass  can  not  be 
easilv  removed  in  the  field,  especially  if  you 
are  rioving,  this  proved  to  be  a  real  problem 
to  the  reading  of  the  compass  dial. 

With  the  help  of  the  Ranger  Department 
and  the  Map  Reading  Committee  of  the  U.S. 
Army  Infantry  School  (USAIS)  a  compass  fog¬ 


ging  survey  was  conducted  at  the  Mountair 
Ranger  ramp  at  Dahionega,  Georgia,  the 
Florida  Ranger  Camp  at  Eglin  AFD,  Florida, 
and  also  here  at  Fort  Denning  Altogether 
there  were  604  observations  made  over  a 
period  of  about  two  months.  It  was  found 
Indi,  aitnough  tnerp  were  differenres  in 
frequency  of  fogging  among  the  three  instal¬ 
lations,  the  over-all  means  indicated  that  79 
per  cent  of  the  compasses  remained  free  of 
fogging  at  all  times  (range  70  -  92),  14  per 
cent  became  partly  fogged  but  still  readable 
(range  8  -  18),  ard  7  per  cent  becanie  com¬ 
pletely  fogged  and  unreadable  (range  0  -  11). 

Further  analysis  yielded  three  conditions 
under  which  the  majority  of  fogging  occurred. 
The  first  condition  was  if  the  compass  was 
well  worn  When  this  occurs  the  cover  glass 
becomes  loose  from  the  ^rame,  the  distance 
between  the  two  glass  covers  enlarges  and 
thus  there  is  a  greater  chance  of  moisture 
en'enng  and  condensing  betweenthe  two  glass 
surfaces. 

The  second  condition  under  whichfogging 
may  occur  is  when  the  temperature  of  the 
air  IS  very  cold  and  the  compasj  is  either 
carried  in  the  hand  or  u/orn  on  a  thong  around 
the  neck  inside  the  clothes  and  next  to  the 
body.  When  the  compass  is  used  underthese 
conditions  the  difference  in  temperature  be¬ 
tween  body  heat  and  colder  air  causes  the 
glass  to  “sweat”  and  thus  fogging  may  occur. 
I  might  add  a  note  here  and  say  that  in 
extremely  cold  weather  we  recommend  the 
compass  be  carried  in  a  belt  pouch  when  not 
in  use  or  if  it  i4  carried  around  the  neck  it 
should  be  hung  outside  the  clothing  where  it 
can  assume  the  same  temperature  as  the  air. 

The  third  condition  m  which  the  compass 
may  fog  is  when  there  is  an  abundance  of 
humidity  in  the  air.  Although  we  found  that 
if  it  were  raining,  or  if  it  were  extremely 
humid,  more  compasses  did  appear  to  fog  than 
when  it  was  clear,  we  found  no  direct  re¬ 
lationship  here  as  the  great  majority  of  com¬ 
passes  did  not  fog  even  in  a  severe  tropical 
rainstorm. 

I  have  discussed,  rather  thoroughly,  some 
of  the  directional  aspects  of  land  navigation 
specifically  with  relationship  to  the  compass. 
Next  I  will  talk  about  an  area  that  is  just 
as  important  as  far  as  navigation  is  concerned 
and  that  is  the  determination  of  distance 
traveled. 

There  are  various  methods  of  measuring 
or  estimating  distance  traveled  available  to 
the  navigator.  One  of  the  most  common,  and 
one  that  is  a  major  part  of  the  dead-reckoning 
process,  is  the  counting  of  paces.  This  is 
usually  called  pacing  and  the  navigator  re¬ 
cords  one  pace  each  time  either  foot  strikes 
the  ground.  In  the  literature  one  can  find 
many  references  to  the  fact  that  the  pace  of 
an  individual  will  vary  in  length  depending 
upon  the  amount  of  illumination,  degree  of 
slope,  direction  of  wind,  type  of  terrain,  etc. 
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Huwever,  on  closer  cxammatxon  we  found 
tha*^  there  was  no  precise  data  on  which  to 
support  these  claims  and  since  wo  had  an 
interest  in  this  area,  because  of  our  Ad¬ 
vanced  Land  Navigation  Program,  a  system¬ 
atic  study  was  done  testing  two  of  the 
"ariables. 

1  was  decided  that  the  two  types  of  vari¬ 
ables  the  average  navigator  constantly  comes 
in  contact  with  when  navigating  are  level  of 
illumination  and  variability  of  terrain.  To 
study  the  terrain  variable,  two  pacing 
courses,  each  exactly  800  meters  long,  were 
laid  out.  One  course  traversed  an  area  of 
tlie  Fort  Benmng  reservation  where  the  land 
was  gently  rolling,  wnere  there  was  quite  a 
few  trees,  but  there  was  little  underbrush. 
The  total  difference  in  elevation  occurring  on 
the  course  was  about  35  feet.  The  second 
course  was  laid  out  on  a  flat,  dirt  road  that 
was  completely  clear  of  any  vegetation.  The 
total  differences  in  elevation  occurring  on  this 
course  was  less  than  one  toot. 

Subjects  were  split  into  two  groups  for 
control  purposes,  and  each  group  paced  the 
two  courses  both  by  day  and  by  night.  A 
counterbalanced  design  w«ts  used  in  which  the 
variables  were  presented  to  the  groups  in 
alternate  order  to  obviate  for  any  serial  or 
practice  effects. 

It  was  found  that  there  was  a  statistically 
significant  difference  between  the  number  of 
paces  taken  by  the  subjects  on  the  various 
pacing  courses  under  changing  conditions  of 
visibility.  When  the  data  were  combined, 
there  was  a  difference  at  the  ,001  level  be¬ 
tween  the  day  and  night  conditions  of  illumi¬ 
nations  During  the  day,  the  subjects  took 
shorter  paces  than  they  did  at  night.  When 
the  variables  were  analyzed  separately  it  was 
found  that  there  were  also  significant  differ¬ 
ences  between  the  day  road  and  the  dayfield, 
the  day  road  and  the  night  road,  and  the  day 
field  and  the  night  field.  There  was  no  signif¬ 
icant  difference  between  the  road  and  the  field 
when  all  data  were  combined  nor  between  the 
night  road  and  the  night  field  when  the  data 
were  considered  separately, 

Ihese  data  lead  us  to  believe  mat  the 
question  of  the  effect  of  varying  types  of 
terrain  upon  the  pace  count  still  has  not  been 
completely  answered.  It  is  suggested  that 
further  research  in  this  area  should  select 
pieces  of  terrain  that  are  quite  dissimilar 
in  cnaractaristxcs,  but  nevv  theless  repre- 
sentafi.c  of  the  basic  types  of  terrain  found 
•u  many  places  in  the  world.  By  conducting 
iucb  research  the  question  of  the  individual 
pace  count  can  be  answered. 

However,  the  results  of  this  study  defi¬ 
nitely  indicate  that  the  individual  pace  count 
does  change  under  differing  aegrees  of  illu¬ 
mination.  The  taking  of  longer  steps  at  night, 
as  compared  to  daytime,  cannot  yet  oe  ex¬ 
plained  but  one  of  our  staff  has  suggested 
that  this  IS  due  to  an  increased  drive  by  the 


trainees  to  get  the  night  exercise  completed 
and  to  move  back  tc  the  barracks  W'e  have 
no  data  to  support  this  conclusion 

In  the  analysis  of  the  pacing  data,  an  in¬ 
teresting  and  significant  finding  came  to  light 
As  stated  previously,  the  various  pacing 
courses  were  exactly  800  meters  in  length. 
Part  of  the  procedure  involved  collecting  data 
every  100  meters  and  thus  for  any  one  in¬ 
dividual  we  essentially  had  eight  pacing  stand¬ 
ards.  When  we  computed  the  mean  for  all  800 
meters  and  considered  that  as  the  normal 
pace  count,  we  found  that  80%  ofthedei  .ation 
from  the  normal  pace  occurred  within  the 
first  400  meters  ofthe  course.  This  suggests 
that  if  a  pacing  course  is  to  be  established 
for  training  purposes,  it  should  be  no  less 
than  400  meters  in  length  as  having  a  course 
shorter  than  this  will  give  an  unrealistic 
picture  of  the  individual  pace  count. 

The  last  study  I  shall  report  to  you  in¬ 
volves  the  question  of  detouring  from  a  base 
azimuth  when  using  the  dead- reckoning  proc¬ 
ess  m  navigation.  In  order  to  detour  cor¬ 
rectly  four  90-degree  turns  must  be  made 
by  the  navigator.  If  he  is  careful  in  making 
these  turns,  and  keeps  an  accurate  count  of 
the  distance  he  has  moved  off  the  base 
azimuth,  he  can  return  to  the  base  azimuth 
after  he  has  passed  an  obstacle  and  be  sure 
he  is  back  on  his  correct  route,  fhe  usual 
procedure  has  been  to  tell  the  trainee  to  do 
facing  movements  (right  face,  left  face)  when 
attempting  to  make  tlie  90-dcgree  turns 
necessitated  by  an  obstacle. 

However,  past  research  had  indicated  to 
us  that  trainees  were  not  making  these  turns 
accurately  enough  and  thus  becoming  lost  due 
to  being  unable  to  return  to  their  correct 
route.  Accordingly,  a  study  was  designed  to 
give  us  guidance  in  this  area. 

Subjects  were  supplied  with  a  compass 
and  given  a  base  azimuth.  They  were  told 
that  they  must  detour  around  an  obstacle  and 
that  to  accomplish  this  they  would  have  to 
make  a  90-degrce  turn  to  the  left  and  then  to 
the  right.  Each  subject  completed  this  pro¬ 
cedure  three  times  during  daylight  and  three 
times  in  darkness. 

We  found  that  during  da/lightthe  subjects 
had  a  mean  deviation  from  the  90-degree  turn 
of  about  II  degrees  for  turning  both  right  and 
left.  During  darkness  this  deviation  in¬ 
creased  somewhat  to  about  IS  degrees  for 
both  right  and  left  turns.  Since  it  had  prev¬ 
iously  been  decided  that  accuracy  demanded 
the  facing  movements  be  made  within  f.ve 
degrees  of  the  base  azimuth,  this  method  of 
detouring  using  facing  movements  was  re¬ 
jected. 


SUMMARY 

Today,  1  have  discussed  with  you  several 
human  factor  studies  the  US  Army  Infantry 
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Human  Research  Unit  has  completed  dtfring 
the  past  year.  Although  these  studies  were 
specific  to  land  navigation,  we  feel  that  many 
of  the  methods  reported  here  can  be  used  in 
research  in  other  areas.  Perhaps  ourmajor 
finding  has  been  that  it  is  not  always  valid 


to  test  the  separate  skills  of  a  complex  per¬ 
formance  task  when  you  are  attempting  to 
predict  the  proficiency  of  the  integrated  per¬ 
formance.  It  IS  obvious  that,  if  this  is  true 
for  one  area  of  human  factors  research,  it  is 
probably  true  for  other  areas  also. 
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B.  PROBLEMS  IN  THE  DESIGN  OF  AN  ARTICULATED  .\RMOR  VEST  USING  RIGID  COM¬ 
PONENTS  by  E.  R.  Barron.  U.S.  Army  Quartermaster  Research  and  Engineering  Com¬ 
mand.  Natick,  Massachusetts 


The  origins  of  man-made  bodvarmorare 
probably  almost  as  old  as  man  himself.  Be¬ 
ginning  with  a  rough  shield  of  tanned  skins 
stretc  led  on  a  wooden  frame,  gradual  im¬ 
provements  have  evolved  over  the  years. 
Many  ideas  were  undoubtedly  copied  fromthe 
natural  armor  of  animals,  but  progress  ac¬ 
celerated  abruptly  with  the  advent  of  metal 
technology. 

Such  body  armor  was  adapted  to  combat 
conditions  and  tactics  of  the  times  and  was 
of  course  limited  to  available  natural  ma¬ 
terials  of  sufficient  hardness  »o  deflect  a  blow, 
the  velocity  and  intensity  of  which  were 
limited  to  human  force.  Man  also  discovered 
that  tne  toughness  and  strength  of  metals 
created  other  problems  since  a  sheet  of  iron 
or  bronze  Aas  rigid.  Armorers  realized 
early  that  the  rigidity  of  an  armored  garment 
limited  bodv  movement,  caused  discomfort, 
and  affected  the  combat  efficiency  of  the 
warrior.  These  same  problems  face  the  de¬ 
signer  of  present-day  body  armor. 

One  usually  envisions  armor  as  the 
ornate  equipment  of  the  Knights  and  the 
wealthy,  used  mainly  for  jousting  tournaments 
and  parade,  and  made-to-erder  by  an  army 
of  skilled  workers.  However,  large  quantities 
of  armor  were  also  developed  for  use  by  the 
common  foot  soldier  and  made  on  a  mass 
production  basis 

The  Battle  of  Wisby  isl  which  was  fought 
between  the  Danes  and  Gottlanders  in  13^1 
demonstrates  quite  vividly  the  armorers 
technical  skills  and  efforts  to  obtain  maximum 
mobility.  Additional  evidence  of  armorer 
technology  was  gained  from  a  mass  grave  of 
1800  soldiers  (see  Figure  1)  uncovered  ac¬ 
cidentally  in  1905  at  the  Swedish  Island  of 
Gotland,  which  presenied  the  patnctic  picture 
of  the  horrors  that  accompanied  a  v/ar  of 
those  days  l5).  The  army  was  made  up  of 
peasants  who  patched  up  and  donned  old  suits 
of  armor  for  the  hand-to-hand  struggle. 
Twenty-five  complete  sets  of  different  armor 
were  found.  It  appear'^d  that  different  de¬ 
tachments  wore  different  kinds  of  armor. 
The  Swedish  Museum  of  Antiquities  under¬ 
took  a  comprehensive  study  of  these  dis- 
coveri««  which  was  published  in  1939  (5)  and 
could  «erv<*  as  a  primary dcsignhandbookfor 
the  presppt-day  armor  technologist  involved 
with  rigid  materials.  Mass  findings  point  out 
a  progressive  development  of  armor  from  a 
small  number  of  large  rigid  plates  to  a  large 
number  of  small  plates  in  order  to  obtain 
maximuir  mobility.  This  is  illustrated  in 
Figures  2-5. 

Among  the  finds  were  six  different  de¬ 
signs  and  two  basic  construction  (See  Figure 
2).  There  were  coats  of  plates  ofFrcnchand 
German  origin,  consisting  of  from  six  to  600 


plates  using  a  rivet  construction  There  were 
also  lamellar  armor  of  Tibetan  origin  of  up 
to  600  plates  using  a  leather  thong  construc¬ 
tion  (Type  VI),  and  front  openings  (Type  V). 

Figure  3  IS  a  typical  coat  of  plates  of 
Type  1,  found  at  Wisby  using  22  plates  with 
a  one  piece  rigid  pivot-type  shoulder  and 
opening  in  the  back.  Note  the  extent  to^  ''ich 
the  armorer  went  to  have  the  plates  conform 
to  body  contour. 

Figure  4  represents  the  extreme  to 
achieve  maximum  articulation,  a  Type  V  coat 
of  plates.  This  armor  is  unique  among  the 
fmds,  consisting  of  495  plates,  and  is  a  short 
armless  coat  open  in  front  where  it  was  held 
together  with  buckles.  The  reinforcing  con¬ 
sisted  of  small  narrow  plates  riveted  to  the 
inside  of  a  leather  covering. 

The  aehial  dimensions  and  pattern  layout 
of  Type  V  armor  are  shown  in  Figure  5.  Note 
that  the  frert  bottom  is  longer  than  the  back 
by  tv/o  rows  of  plates  to  form  a  pendant  skirt. 

Figure  6  illustrates  the  extent  to  which 
shoulder  protection  and  mobility  were 
achieved.  This  construction,  incidentally, 
has  been  utilized  in  the  latest  QMCComposite 
Armor  Vest.  By  the  time  of  the  Middle 
Ages,  intricate  and  ingenious  suits  of  armor 
had  been  developed,  capable  of  withstanding 
shattering  blows  and  vicious  sword  thrusts. 

With  the  advent  of  firearms,  the  use  of 
body  armor  declined  and  the  armorer"  s  skill 
became  a  lost  art.  However,  occasional  use 
of  armor  occurred  from  time  to  time.  Even 
in  the  Civil  War  there  is  valid  evidence  that 
metal  body  armor  was  used  to  protect  the 
thorax  and  abdomen.  Experimentation  with 
various  metals  and  designs  was  sponsored  by 
the  Germans  and  Allies  in  World  War  I. 
Toward  the  end  of  the  war  fairly  large  num¬ 
bers  of  thoracico  abdominal  vests  were  made, 
but  were  never  satisfactorily  tried  upon  the 
field  of  battle. 

Throughout  the  history  of  armor,  in- 
cludmg  the  present,  garment  rigidity  is  the 
principal  problem  inherent  in  all  armor  de¬ 
sign.  In  World  War  H  body  armor  ivos  suc¬ 
cessfully  used  only  in  protection  of  flight 
personnel  in  a  static  and  seated  position, 
since  materials  with  good  ballistic  resistance 
were  rigid  and  heavy.  The  infantryman  could 
not  wear  such  equipment  without  affecting  his 
efficiency. 

Body  armor  followed  an  erratic  path  after 
World  War  n.  Basic  problems  had  to  be 
solved  in  order  to  provide  protection  against 
missiles  of  various  velocities  and  sizes  with¬ 
out  immobilizing  the  soldier.  In  modern 
warfare,  top  priority  has  been  given  to 
mobility  and  a  vigorous  campaign  has  been 
waged  to  reduce  the  weight  of  equipment. 


Increases  in  fire  power  have  grcatl>  aug¬ 
mented  the  density  of  wounding  agents.  Vound 
ballistic  studies  and  field  research  under 
combat  conditions,  directed  by  the  Surgeon 
CeneraTs  Office  IZ],  established  the  fre¬ 
quency  and  distribution  of  wounds  according 
to  anatomic  areas  of  the  body.  Studies  were 
als'  made  which  indicated  the  maximum 
energy  loads  that  soldiers  could  carry  which 
sho"'ed  *^hat  each  additional  pound  of  garment 
weight  reduced  proportionately  the  individual 
soldier’s  combat  efficiency.  Infact,  soldiers 
burdened  v-ith  the  weight  of  body  armor, 
which,  as  yet,  had  not  proved  itself,  threw 
their  vests  away  or  refused  to  wear  them. 

During  194?  the  QMC  developed  Body 
Armor  which  covered  the  torso  from  the 
base  of  the  neck  to  )u«t  below  the  waist. 
The  ballistic  material  consisted  oflaminated 
fiberglas  (Doron)  in  the  form  of  flat,  square 
or  ob^  ^ng  rigid  plates,  held  m  place  by  a  jacket 
with  seamed  pocKetstoholdtheplatesinposi- 
tion.  The  plates  were  ar'-anged  in  an  over¬ 
lapping  manner  to  avoid  separations  while  the 
wearer  was  moving.  Therigidit)  ofthe  Doron 
plates  restricted  movements  and  causcddis- 
comfort  Bending  fromthe  waist  was  difficult 
and  shi'  ag  of  the  plates  aggravated  the  pos¬ 
sibility  of  unprotected  areas. 

The  Korean  War  and  its  high  mortality 
rate  emphasized  the  need  for  armor  (2),  and 
as  a  result  certain  Marine  Corps  troops 
were  provided  with  Doron  plate  vests.  How¬ 
ever,  since  the  QMC  considered  "Doron” 
rig.d  plates  too  heavy  and  restrictive,  they 
d  -'loped  a  vest  on  the  basis  of  research 
i  they  had  available  using  multiple  layers 
^f  12  02  nylon  fabric.  This  was  a  significant 
accomplishment  since  the  resulting  item 
weighed  only  eight  lbs.  The  soldier  could  now 
perform  his  mission  without  immediate  fa¬ 
tigue  or  discomfort  This  was  a  first  stepto 
provide  practical  protection  to  the  comoat 
soldier.  However  the  significant  reduction  in 
mortality  rate  engendered  a  feeling  of  safety 
in  wearing  an  armored  vest  and  produced  a 
draniatic  effect  upon  troops  in  contact  with 
the  enemy.  The  eager  acceptance  of  ballistic 
protection  for  ttie  vital  areas  of  the  body 
stimulated  several  approaches  to  develop  a 
ptili  more  efficient,  nylon-type,  armored 
vest. 

In  the  preliminary  work  coi^ucted  by  the 
QMC  on  the  nylon  vest,  it  became  evident 
‘  •.  though  it  consisted  of  cloth,  there 

VI.  r^or  problems,  chiefl)  rigidity  in  cer- 
r  a:  ...s,  bulk,  compatibility  withother  field 
<'ulnin,.  ana  weapons  and  articulation  re- 
quii  ements 

T.'if'iefore,  preliminary  studies  to  solve 
these  oroL.ems  wereconductedbythcQMCon 
movenients  which  take  place  when  the  body 
assuri'cs  tvpical  combat  positions.  Some  of 
the  findings  are  shown  in  Figures  7  and  8. 

Gross  body  dimensional  changes  in  back 
length  are  shown  in  Figure  7.  The  totalback 


length  is  diminished  some  three  inches.  The 
complexity  of  the  problem  is  evident  by  the 
relationships  involved  in  these  data  As  the 
arms  are  moved  forward,  the  shoulders  are 
raised  and  a  wide  range  of  dynamic  changes 
takes  place  in  seven  areas  of  the  back. 

Figure  8  sho.vs  torso  distortion  in  a  firing 
position  and  how  shoulder  breadth  is  greatly 
reduced.  The  contraction  of  the  distance  be¬ 
tween  the  base  of  the  neck  and  the  acromion 
IS  three  inches.  The  length  of  the  torso  on 
one  side  is  15  inches  and  on  the  other  side  is 
17  inches. 

It  became  evident  that  because  of  these 
gross  and  interacting  dimensional  changes  of 
the  body,  major  design  changes  were  required 
in  the  nylon  vest.  These  changes  were  made 
possible  by  using  articulating  ballistic  panels. 
In  this  connection,  articulation  is  defined  as 
a  joint  between  two  separable  parts  or  a 
moving  joint  between  parts.  Articulation  was 
proved  in  the  back  of  the  vest  by  an  action 
back  construction  located  approximately  at 
the  level  of  the  lower  tips  of  the  scapulae. 
{See  Figure  91.  This  action  compensated  for 
the  increase  in  body  dimensions  due  to 
scapular  rotation  or  elevation  ofthe  shoulder 
By  this  simple  design  technique,  two  major 
things  were  accomplished.  First,  lifting  of 
the  vest  was  minimized,  thus  decreasing  the 
gap  at  the  lower  edge.  Note  this  lower  edge 
of  the  vest  in  both  figures.  There  is  a  mini¬ 
mum  loss  of  body  coverage  when  the  soldier 
is  in  the  firing  position.  Second,  the  articula¬ 
tion  or  overlap  at  the  back  also  compensated 
for  excess  material  caused  by  the  decreases 
in  back  size  for  certain  movements.  The 
ballistic  panels  slide  over  each  other, 
shortening  with  body  movement  and  prevent¬ 
ing  the  helmet  from  being  pushed  forward 

Finally,  this  construction  was  extended  to 
the  side  openings  where  overlapping  of  the 
front  and  back  pieces  fully  protected  the  axil¬ 
lary  area  of  the  body  from  the  armpits  to 
the  waist  during  all  movements.  This  was 
accomplished  without  bulkiness  or  d.scom- 
fort,  and  was  a  considerable  advancement 
over  earlier  vests  which  were  prone  to 
gapping  and  thus  exposed  the  sides  of  the 
body. 

Figure  10  illustrates  that  even  these  im¬ 
provements  did  not  provide  complete  accomo¬ 
dation  for  full  articulation  of  the  shoulder 
area  and  chest.  Bunching  up  of  the  ballistic 
material  still  occurred,  caui>mg  pressure  of 
the  material  against  the  neck. 

Advances  in  research  on  ba.hstic  ma¬ 
terials  made  other  new  rigid  metals  available, 
particularly  titanium.  In  order  to  devise 
means  of  using  these,  a  pre-design  study  of 
free  moving  body  armor  systems  was  con- 
Queted  (4)  to  further  study  the  work  originally 
initiated  by  the  QMC  daring  development  of 
the  Korean  vest.  The  results  are  shown  n 
Figure  11.  It  clear  that  as  the  surface  of 
the  human  booy  twists  and  stretches,  its 


curvature  changes  from  concave  to  convex, 
both  separately  and  simultaneously.  Also, 
contortions  are  different  at  various  locations. 

The  technique  used  in  this  study  was  to 
mark  the  center  line  of  the  back  and  front  of 
a  typical  torso  with  dots  spaced  three  inches 
apart.  When  the  torso  bent  forward,  the  first 
three -inch  space  was  shortened  by  one-half 
inch,  the  second  three  inches  remained  con¬ 
stant  and  a  gradual  shrinkage  or  compression 
from  three-quarters  inch  to  three  inches  oc¬ 
curred  in  the  lower  torso.  The  distortion  of 
the  front  of  the  torso  in  bending  backward  was 
in  the  reverse  direction  and  represented  a 
one-quarter  to  one-h»lfanch  increase  in  space 
between  the  dots.  At  the  same  time  the  line 
on  the  torso  back  had  a  shrinkage  of  from 
one-quarter  to  one-half  inch  between  seg¬ 
ments  except  in  two  areas  where  the  dimen¬ 
sions  remained  constant.  In  bending  forward 
the  back  line  was  expanded  from  one-half  to 
one  and  one-quarter  inches  between  the  dots. 
Bending  to  the  left  and  right  showed  the 
largest  change,  from  ten  inches  to  25  inches. 
This  information  was  applied  in  the  develop¬ 
ment  of  the  composite  armor  vest. 

Using  newly  designed  front  and  back 
articulating  panels  consisting  of  four-ply 
ballistic  nylon  and  .032*’  Titanium,  a  proto¬ 
type  composite  armor  vest  v/as  designed, 
utilizing  initially  249  titanium  plates.  (See 
Figure  12).  As  the  overlap  area  represents 
20  per  cent  of  the  total  weight,  3- 1/4”  square 
and  2-  1/4”  square  plates  were  found  to  pro¬ 
vide  the  least  amount  of  overlap,  consistent 
with  required  articulation.  Plates  were  at¬ 
tached  by  either  stitching,  stapling  or  in 
individual  cloth  pockets,  and  articulation  was 
dependent  upon  a  sliding  movement  of  the 
panels  over  each  other  to  compensate  forthe 
dynamic  movements  of  the  body.  This 
orig'nal  vest  weighed  ten  lbs. 

The  final  prototype  selected  for  field 
testing  had  149  plates  and  a  Velcro  front- 
closure  system  and  we.ghed  8  lbs.  15  ©z, 
(See  Figures  13).  It  can  be  seen  that  the 
articulating  armored  pivot  shoulder  pad  ap¬ 
pears  to  solve  one  of  the  major  obstacles  in 
applying  rigid  metal  plates  to  the  shoulder. 
The  vest  is  considered  to  be  capable  of  mass 
production  at  a  cost  of  approximately  $60- 
$80  per  unit.  Tests  conducted  at  Mt,  Wash¬ 
ington.  and  at  Fort  Lee  from  June  to  August, 
1961,  using  standard  cold-wet,  cold-dry,  and 
hot  weather  clothing  and  the  new  QMC  in- 
tegr«.rcU  clothing  ensembles  indicated  that 
“I  the  four  models  tested,  the  8  lb,  15  oz, 
/est,  with  129  plates  interfered  least  with 
performance  in  simulated  combat  activities 
and  was  preferred  by  all  test  subjects  l3i. 
A  concurrent  engineering  and  service  test  of 
this  model  is  now  being  conducted  with  type 
classification  scheduled  during  FY  63. 

Now,  the  question  arises,  can  the  newer 
nylon  felt  or  batting  materials  be  used  in 
this  same  vest  design’  Vestsof fejt/titanium 


using  the  same  construc^^ion  have  been  made 
leading  to  the  conclusion  that  bulk  is  mate¬ 
rially  increased,  and  the  articulating  panels 
do  not  function  as  well  as  ballistic  nylon  be¬ 
cause  of  the  nature  of  felt-type  materials. 
Enlarging  the  plate  size,  reducing  the  number 
of  plates  and  overlay  might  solve  some  of 
these  problems.  It  was  determined  at  this 
point  that  an  approach  involving  empirical  or 
trial-and-error  methods  would  be  costly  and 
inconclusive.  Progress  in  ihis  area  has  al¬ 
ready  been  made  as  a  result  of  more  recent 
study  of  the  changes  in  body  dimensionj  as- 
<«ociated  with  movement,  so  as  to  delineate 
those  areas  which  did  not  require  articulation. 
This  study  may  well  provide  a  handbook  of 
design  criteria  for  modern  rigid  armor  sys¬ 
tems  {!]. 

Instead  of  merely  marking  off  the  center 
line  as  in  our  previous  studies,  the  torso  is 
marked  off  in  a  grid  of  two-inch  squares. 
The  'subject  then  assumes  a  series  of  posi¬ 
tions,  subsequent  to  his  assuming  a  position 
measurements  are  made  of  the  changes  in 
grid  dimensions.  These  clianges  serve  as  a 
guide  to  the  plate  size  and  articulation  re¬ 
quirements.  (See  Figure  14). 

Very  significant  changes  occur  when  the 
arms  are  raised.  The  lower  third  of  the 
torso  remams  fairly  constant,  whereas  the 
chest  and  shoulder  grids  change  from  hori¬ 
zontal  to  curved  lines.  The  center  line  how¬ 
ever  remains  fairly  constant  (Figure  IS). 
This  photograph  of  the  back  is  representative 
of  these  changes  and  indicates  the  complexity 
of  providing  articulation  comfort  with  rigid 
materials  in  the  shoulder  area. 

The  recording,  plotting,  charting,  and 
analysis  of  data  were  completed  for  the  ten 
body  positions  studied.  Initially,  an  attempt 
was  made  to  establish  maximum  values  of 
distortion  (expansion  and  contraction)  forthe 
complete  torso,  i,e.»  the  abdominal,  thoracic, 
and  shoulder  regions.  Howeve«.',  quantitiative 
values  could  not  be  obtamed  initially  for  the 
shoulder  area  because  of  the  complexity  of 
the  shoulder  structure  and  the  need  for  spe¬ 
cialized  techniques  for  studying  this  region. 

Figures  16  and  17  are  diagrams  of  tne 
data  for  distortion  on  the  grids  on  tne  bach 
and  chest  respectively  which  occurs  whenttie 
arms  are  raised.  Remember  the  grids  are 
normally  2”  square.  Figures  18and  19iUu8- 
trate  the  gross  dimensional  changes  given  in 
the  previous  Figures. 

The  range  of  distortions  associated  with 
movements  involving  the  abdominal  and 
thoracic  areas  w'as  successfully  established. 
This  was  accomplished  by  measuring  and 
analyzing  the  effects  of  all  ten  body  positions 
from  a  system  of  vertical  and  horizontal  grid 
lines  applied  to  the  torso  of  a  test  subject. 
By  selecting  maximum  values  of  compression 
and  extension  for  each  of  the  grid  linos,  it 
was  possible  to  develop  a  series  of  graphs. 
In  these  graphs,  the  extreme  limits  of  body 


124 


surface  dxstortron  are  clearly  illustrated 
Figure  Z2  illustrates  the  maximum  charges 
in  the  vertical  dimension  which  occur  at  the 
anterior  (front)  of  the  torso.  For  example 
Line  3  in  Figure  20  may  be  displaced  down¬ 
ward  as  far  as  the  dotted  line,  upward  as  far 
as  the  solid  curved  line.  Similarly,  Line  7 
ma'  be  displaced  downward  to  the  dotted  line 
or  Bipward  to  the  curved  solid  line. 

Following  the  completion  of  this  study, 
criteria  for  the  design  of  abdominal  and 
thoracic  regions  were  established,  based  on 
the  data  provided  by  the  Phase  I  investiga¬ 
tions.  The  shape  and  arrangement  of  plates 
for  the  thoracic  and  abdominal-lumbosacral 
areas  were  developed  from  a  combined  study 
of  body  position  photographs  and  grid  distor¬ 
tion  layouts.  These  data  indicate  the  extreme 
distortion  and  articulation  requirements  of 
the  abdominal-lumbosacral  region,  hence  the 
requirement  for  a  relatively  large  number  of 
narrow  plates  oriented  in  the  horizontal 
mode  (Figures  21  &  22).  Similarly,  the  rigid 
mid-thoracic  region  enables  the  use  of  rela¬ 
tively  large,  square  configurations  of  plates, 
the  upper  thoracic  regions,  adjacent  to  the 
shoulder  area,  initiates  the  need  for  special 
plate  shapes  uhich  are  narrow  in  the  vertical 
mode.  A  roug*'.  prototypeincorporatingthese 
findings  has  been  made  (Figure  23).  The 
'.ast  has  65  plates  as  compared  to  the  present 
titanium  vest  which  utilizes  135  plates. 

To  the  developer,  the  culmination  of  all 
research  is  an  end  item.  Thus  for  the  de¬ 
signer  of  armor,  success  requires  the  appli¬ 
cation  of  the  findings  of  the  material  re¬ 
searcher  and  the  human  engineer,  as  well 


as  his  own  accumulated  knowledge  on  the 
activities  of  combat  soldiers.  In  this  -way  he 
can  be  assured  that  his  item  is  compatible  v  ith 
the  spectrum  of  hot  and  cold  weather  clothing 
and  with  the  functions  and  dutiesofthe  combat 
soldier. 

The  research  which  has  been  described 
in  this  paper  is  an  excellent  example  of  the 
types  of  significant  item  improvement  which 
can  be  obtained  if  human  factors  research  is 
closely  coordinated  and  integrated  with  the 
designer  at  the  earliest  phase  possible  in  the 
development  cycle. 
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Figure  4.  Lamellar  Armour 
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Figure  5.  Armour 


QMC  BODY  ARMOR  DESIGN 

BODY  DIMENSIONAL  CHANGES 


Figure  7.  Dimensional  Changes 


DISTORTION 


QMC  BODY  ARMOR  DESIGN 

I  UPPER  TORSO 


COMPARATIVE  SHADED  AREAS 
CMPHASCE  SHOULDER  BREADTH 
V  REDUCTION.  AND  CHEST  DEPTH 
’  EXPANSION,  AND  DISAPPEARANCE  f  1 
or  UPPER  CHEST  INTO  NECK  AREA. 
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Figure  8.  Upper  Torso  Distortion 
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Figure  9.  Vest  Articulation 


QMC  BODY  ARMOR  DESIGN 

THIS  IS  "ARTICULATION" 


THE  tM.H  IS  IN  THE  I.IAN  MOVES  THE  VEST  MOVES 

THE  VEST  WITH  THE  MAN 


Figure  10.  Vest  Articulation 
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TYPICAL  KAXIKA  AND  KINIKA  SIS^ACE  DIKSiSlOKS 
FCR  STRETCH  AND  COMIRESSION  OF  Hl»iAN  BODY  (TRUNK) 


j  antcricrI 

■*  OC(»ft£SSIOf. 


total  I  »l I  »  I 
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0$  NORMAL) 


(24  NORMAL) 
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FIG.  48. 

TYPICAL  MAXIMA  AND  MINIMA 
SURFACE  DIMENSIONS  FOR 
STRETCH  AND  COMPRESSION 
OF  HUMAN  BODY  (TRUNK) 


NOTE  OOT&RERilCSENT 
THREE  INCH  INTERVALS 
OHft(X>r  SURFACE 


Figure  11.  Torso  Stretch  &  Compression 
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Figure  13.  T62-5  Composite  Txtanium/Nylon 
Armor  Vest 
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Figure  14.  Z  Inch  Grid  Marked  on  Torso 


Figure  15.  Gr.d  Distortion  when  Arms  are  Raised 
ltd 
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Figure  17,  Back  Grid  Distortion  Data 
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vnnricAi.  disioption 

(ASDOMIKAL  AHEA  &  IBOKAX  AREA  EVAIAJATEZ)  S7ARA7ELY) 


F)gur«  21.  Maximum  Compression  and  Extension  Values 


C.  DESIGN  AND  DEVELOPMENT  OF  GLOVES  by  H.  Madnick,  U.  S.  Army  Quartermaster 
Research  and  Engineering  Command,  NatiCK,  Massachusetts 


INTRODUCTION 

Historians  have  discovered  that  the  use  of 
gloves  IS  an  ancient  practice,  known  even  to 
prehistoric  cave  dwellers  Statements  of  this 
sort,  which  appear  all  through  the  literature 
on  history  of  handwcar  J9L  are  apparently 
based  upon  analogies  to  the  Eskimo  in  the 
Paleolithic  culture  Inall  probability  the  var¬ 
ious  groups  of  upper  Paleolithic  peoples  in 
Europe  and  those  living  in  other  regions  ofthe 
Holarctic  Zones  used  some  sort  of  hand 
covering.  However,  there  is  no  positive 
evidence  that  such  was  the  case  Such  perish¬ 
able  materials  as  would  have  had  to  be  em¬ 
ployed  would  not  have  withstood  the  ravages 
of  time. 

A  sophisticated  fourchette  glove  was  found 
in  the  tomb  of  Tutankhamen  J9l.  King  Tut’s 
glove  belongs  to  the  lineage  ofthe  dress  glove 
associated  with  ceremonial  occasions  and 
symbolizes  the  social  gulf  betweenthe  nobility 
and  the  Fellaheen.  The  earliest  concrete 
evidence  bearing  on someformofhand cover¬ 
ing  for  work  came  to  light  in  the  riallstatt 
Salt  Mines  of  Lower  Austria.  These  mines 
were  exploited  during  the  early  part  of  the 
first  millennium  B.C.  {l4{. 

In  modern  times,  with  the  increasing  use 
of  gloves  for  protecting  the  hands  of  workers 
has  constituted  a  major  area  of  development. 
Durable  construction  and  low-cost  production 
characterize  present-day  work  gloves  above 
all  else.  Gloves  having  special  construction 
features,  such  as  gauntlets,  extra  reinforcing 
patches,  reinforcement  with  metal-bearing 
abrasion-resistant  surfaces,  and  special 
acid-resistant  or  other  similar  special  types 
of  materials,  dominate  the  work  glove  field 
today.  The  concept  of  functionality  of  this 
handwear,  maximizing  what  the  man  can  do 
when  wearing  the  glove,  is  clearly  not  em¬ 
phasized  if  it  IS  considered  at  all.  Since 
workers  will  not  pay  very  much  for  a  glove, 
it  must  be  cheap  and  durable;  whether  the 
individual  can  bend  his  fingers  while  wearing 
the  glove,  or  whe<her  his  hands  become 
fatigued  from  "working  against"  the  glove 
has  received  little  consideration  in  work 
glove  design  Fromthestandpomtofmiljtary 
hanawea.,  ho^^ever,  the  man’s  ability  toper- 
foxT*.  SIS  assigned  tasks  with  dexterity  and 
mimiiium  fatigue  is  a  primary  consideration. 
Soldiers  are  not  sent  to  the  battlefield  to 
demonstrate  the  durability  or  low  cost  of  their 
clothing,  any  more  than  to  show  off  its  ap¬ 
pearance.  They  are  there  toperformcertain 
tasks,  and  the  efficiencyoftheirperformance 
will  help  to  determine  whether  they  or  their 
opponents  vsill  win,  and  more  important, 
vhether  our  nation  may  be  able  to  survive. 
Hence,  the  handwear  of  the  soldier  affects 


the  degree  of  skill  with  which  he  can  perform 
many  of  his  most  critical  battlefield  tasks. 
This  constitutes  a  very  important  area  for 
research  and  development  in  which  there  is 
a  continued  attempt  to  increase  the  combat 
soldier’s  efficiency. 

FIT  AND  DESIGN  CHARACTERISTICS 

The  design  of  handwear,  like  other  ele¬ 
ments  of  the  soldiers’  equipment,  bears  a 
definite  relationship  to  the  natural  and  enemy- 
imposed  environments  in  which  the  soldier 
fmds  hemseU  His  handwear  must  provide 
insulation  against  the  cold,  protectionagainst 
rain  and  snow  without  getting  wet,  and  it  must 
be  able  to  withstand  physical  forces  which  it 
encounters  such  as  abrasive  surfaces,  muck, 
ooze,  wet  snow  and  mud.  It  must  also  evoke 
no  important  psychological  or  physiological 
performance  decrements.  The  man  must  not 
feel  that  his  gloves  are  "in  the  wav"  so  that 
he  must  remove  them  to  get  his  job  done, 
and  they  must  not  unduly  fatigue  his  hands 
and  forearm  muscles.  The  objectives,  there¬ 
fore,  in  the  QM  hand  pr''*^ective  program  are: 

1.  To  provide  adequate  environmental 
protection  and  allow  the  soldier  to  perform 
required  tasks.  Soldiers  are  frequently  un¬ 
able  to  utilize  costly  and  sophisticated  types 
of  equipment  because  the  available  handgear 
does  not  allow  the  soldier  to  properly  per¬ 
form  the  required  hand  functions. 

Z.  To  provide  a  minimal  number  of  sizes 
for  ease  of  logistics,  yet  allow  thepopulation 
of  wearers  to  complete  their  assigned  tasks 
efficiently. 

3.  To  provide  handwear  with  the  char¬ 
acteristics  of  a  synthetic  skin  and  to  allow 
the  covering  to  change  its  dimensions  to 
conform  to  the  varying  positions  of  the  hand 
with  a  minimal  amount  of  discomfort  and 
fatigue. 

To  meet  these  objectives  and  yet  provide 
a  second  skin,  soft  and  flexible  materials 
are  most  desirable.  As  in  many  areas  of 
clothing  where  origins  are  lost  in  the  ruins 
of  antiquity,  the  feasibility  of  using  certain 
types  of  materials  was  worked  out  so  long 
ago  that  v/e  tend  to  take  their  availability  for 
granted  today.  Who  would  think  of  leather 
as  a  radical  type  of  material  for  gloves'’ 
Yet,  over  the  centuries,  as  a  prime  example 
of  artisanshipand  craftmanship,  special  types 
of  leather  for  gloves  have  been  producedthat 
have  many  ofthe  desired  characteristics  and 
function  like  a  second  skin. 

Knitted  materials  are  used  as  hand  cover¬ 
ings  and  also  give  a  tight  fit.  In  part,  this 
is  also  taken  for  granted.  Use  of  knitted 
handwear  not  only  provides  the  needed  stretch 
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required  'n  the  hand  covering,  but  also  pro¬ 
vides  excellent  irsulation. 

Why  do  we  need  stretch  in  glove  materials^ 
The  answer  to  that  is  found  m  the  changes  in 
dimension  ot  the  hand  which  occur  in  normal 
use  and  which  must  be  accommodated  bv  the 
glove  material  if  the  hand  is  not  to  be  unduly 
cons'-f  icted.  For  example,  the  length  of  the 
back  of  the  hand  increases  by  almost  an  inch 
in  the  sample  process  of  bending  and  flexing 
The  palmar  side,  similarly,  is  shortened 
substantially,  approximately  S/8  inch  (Figure 
1).  The  problem  of  the  glove  designer  is 
what  to  do  with  the  material  on  the  palm 
side  of  the  glove  which  is  not  needed  when 
the  hand  is  flexed  and  where  to  get  the  extra 
inch  of  length  on  the  back.  Part  of  this  can 
be  obtained  from  stretching  of  the  material 
itself.  The  surplus  material  on  the  palm 
can  be  dealt  with  only  by  careful  designing 
to  shorten  the  palm  of  the  glove  or  to  obtain 
a  curved  finger  glove.  This  is  easily  said 
but  the  difficulties  of  actual  construction  are 
certainly  not  small.  Similarly,  there  is  the 
problem  of  width  and  girth  changes  in  the 
hand  (Figure  2).  When  the  fingers  are  ex¬ 
tended,  the  girth  of  a  typical  hand  might  be 
7-  l/2  inches  but  when  the  hand  is  closed,  it 
will  be  an  inch  larger.  Again,  the  problem 
IS  vshere  to  get  this  extra  materiaL 

The  advantages  of  a  knitted  material  in 
providing  two-way  stretch  with  minimum 
effort  IS  evident.  A  knitted  construction 
easily  stretches  within  any  direction  and 
avoids  any  serious  limitation  on  the  bending 
of  the  hand  or  significant  muscular  effort  to 
bend  the  fingers 

Stretch  can  also  be  built  into  leather.  In 
ancient  times,  glove  makers  and  designers 
learned  to  treat  animal  skins  to  retain  stretch 
in  natural  leather.  The  careful  control  of 
stretch  in  both  tanning  and  cutting  is  a  basic 
characteristic  associated  with  high-priced 
leather  gloves.  Commercial  types  of  dress 
gloves,  however,  though  made  from  leathers 
having  desirable  stretch  characteristics,  lend 
to  be  so  tight  fitting  that  despite  the  stretch 
in  the  leather  which  can  be  used  in  bending 
the  fingers,  considerable  effort  is  required, 
fatigue  develops,  and  blood  flow  is  con¬ 
stricted 

In  order  to  relieve  constriction  in  gloves 
the  oriy  practical  solution  is  to  provide  enough 
space,  abound  the  fingers  and  hands  so  that 
ev*»:»  when  a  glove  insert  is  used  to  provide 
'va<mth,  there  is  still  enough  room  in  the 
glove  to  allow  the  hand  to  bend  without  serious 
constrict  on.  This  is  achieved  in  part  by  the 
design  of  patterns  and  by  drawing  excess 
material  back  from  the  palmar  side  to  the  back 
of  the  glove  by  use  of  a  strap  just  above  the 
wrist.  In  this  way,  extra  dimensions  have 
been  worked  into  each patternelementw'ithoul 
broadening  the  working  surface  of  the  glove 
unduly  with  material. 


One  factor  of  this  approach  is  to  insure 
that  the  glove  finger  length  (Figure  3)  is  sized 
so  that  the  finger  tips  of  short- fingered 
wearers  will  always  be  at  the  finger  tips  of 
the  gloves,  with  sufficient  dimensions  else¬ 
where  in  the  gloves  to  accommodate  extra 
long-fingered  hands. 

The  importance  of  adequate  fit  of  hand- 
wear  was  stressed atthe conference on“Pro- 
tection  and  Functioning  of  the  Hands  in  Cold 
Climates”  conducted  at  the  Quartermaster 
Research  and  Engineering  Command,  N  ack, 
Massachusetts,  on  23  and  24  April  1956  18]. 
As  a  result,  a  new  approach  was  taken(2]  to 
design  handwear  to  satisfactorily  fit  military 
personnel.  In  addition,  work  done  in  1956 
under  contract  to  the  QuartermastGr  Re¬ 
search  and  Engineering  Command  by  Dr.  John 
Eyman'of  the  Department  of  Engineering  of 
UCLA  [4]  confirmed  the  criticalness  offitat 
the  finger  tips  that  had  been  recognized 
intuitively  during  the  development  of  the  U.S. 
Army  Glove,  Shell,  Leather,  during  World 
War  II. 

In  an  effort  to  apply  the  results  of  such 
work  as  well  as  to  initiate  the  design  of  basic 
anthropometric  hand  forms,  three  sizes  were 
picked  as  a  starting  point.  For  the  reference 
nand  forms.  Size  Small  was  based  oi.  the 
broadest  and  thickest  measurements  of  the 
30th  percentile  population  level,  Size  Medium 
on  the  ?5th,  and  Size  Large  on  the  95th 
percentile.  To  insure  fit  for  short  fingers, 
the  small  size  was  bas^d  on  the  Sth  percentile 
level,  the  medium  on  'ne  31st,  and  the  large 
on  the  76th  percentile. 

Another  concept  of  glove  fit  wae  developed 
more  recently.  Based  on  Air  Force  studies 
of  hands  |l)  and  a  general  manumetric  survey 
(ll) ,  conducted  by  the  anthropologists  of  the 
Quartermaster  Research  and  Engmcering 
Command,  a  study  of  the  relaxed  hand  was 
also  initiated  to  obtain  measurements  which 
could  be  utilized  in  designing  basic  hand 
forms  to  fit  the  relaxed  hand.  Since  standard 
anthropometric  measurements  are  custom¬ 
arily  made  with  the  hand  in  an  unnaturally 
flat  position  which  makes  it  easier  to  get 
consistent  results,  these  data  were  not  usable 
directly  for  the  design  of  hand  forms  to  fit  a 
relaxed  hand.  Thus,  the  dimensions  actually 
employed  were  corrected  to  suit  a  natural 
rest  or  ready-for-work  pose  by  recording 
the  differences  inhanddimensions, using  data 
from  a  dozen  widely  varying  pairs  of  hands 
measured  in  both  positions.  It  was  found  that 
the  differences  of  each  measurement  were 
quite  consistent  regardless  of  hand  size  or 
type.  The  dimensions  derived  from  the  man¬ 
umetric  studies  previously  mentioned  were 
utilized  as  the  basic  measurements  for  the 
master  model  hand  forms.  These  measure¬ 
ments  were  converted tothree-dimensions  by 
application  of  the  skill  of  a  recognized  pro¬ 
fessional  sculptor.  It  was  assumed  that  with 
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available  anthropometric  data  and  a  sculp¬ 
tor’s  artistry,  forms  for  glove  design  could 
be  developed  which  would  result  in  a  great 
improvement  in  handwear  fit. 

It  was  intended  that  three  basic  sizes 
(small,  medium  and  large)  would  be  utilized 
for  bare-hand  fit  and  the  basic  measurements 
cor  *ected  for  the  relaxed  shape.  To  provide 
the  space  for  an  insulating  material  for 
environmental  protection,  an  increase  in  all 
dimensions  of  the  large  size  master  hand  was 
made.  This  was  accomplished  by  the  addition 
of  approximately  3/32*’  to  the  initial  dimen¬ 
sions  of  the  large  hand  to  accommodate  the 
thickness  of  the  standard  wool  glove  insert. 
Additional  forms  were  made  with  increased 
dimensions  in  the  wrist  area  for  ease  in  don¬ 
ning  and  doffing.  The  dimensions  for  the 
wrist  circumference  were  established  by 
measuring  the  hand  girth  of  personnel  within 
each  range  group  at  the  knuckles  with  the 
fingers  converging  and  the  thumb  displaced 
to  li  as  close  to  the  palm  as  possible. 

In  order  to  evaluate  the  design  of  the 
forms,  a  quantity  of  vinyl  gloves  was  fabri¬ 
cated,  and  a  fitting  and  sizing  study  was  con¬ 
ducted  using  285  test  subjects  |10|.  This 
study  consisted  of  trial  fittings  of  the  test 
gloves  worn  with  and  without  the  standard 
,.ool  glove  inserts.  Twenty-one  anthropo¬ 
metric  hand  dimensions  were  obtained.  In¬ 
formation  on  ability  to  don  and  doff  tne  glove 
uas  obtained  on  102  of  the  subjects.  The 
following  information  was  recorded:  anthro¬ 
pometric  measurements,  fit  of  the  glove  over 
the  base  hand,  fit  of  tne  glove  over  the  wool 
insert,  and  ease  of  donning  and  doffing  each 
combination. 

The  fitting  phase  indicated  that  a  high 
percentage  of  the  male  military  population  can 
be  expected  to  be  properly  fitted  with  the 
foiir  sizes  provided.  The  high  percentage 
of  “good  fits’’  and  the  comments  of  the  test 
subjects  were  indicative  of  a  well  designed 
glove.  A  tariff  for  this  glove  based  on  the 
bare  hand  dimensions  would  be  as  follows 
22%  small,  57%  medium,  16%  large,  and  5% 
extra  large.  Since  over  half  of  the  subjects 
required  a  large  glove  when  the  wool  insert 
was  worn,  the  size  tariff  listed  above  would 
not  be  applicable  if  wool  inserts  were  worn. 
In  such  a  case  the  estimated  tariff  would  be' 
5%  small.  35%  medium,  51%  large,  and  9% 
extra  large. 

Since  the  shape  and  fit  of  supported  and 
untupported  handwear  made  of  vinyl  or  butyl 
materials  is  controlled  by  dipping  forms,  de¬ 
velopment  of  anthropometrically  derived  ref¬ 
erence  hand  forms  provided  a  basis  for 
developing  accurate  master  model  dipping 
forme,  resulting  in  a  logical  way  of  stand- 
ardiz'ng  fit  of  this  type  of  glove.  This  has 
been  successfully  done,  and  some  of  the 
principles  developed  in  its  accomplishment 
are  being  extended  to  the  patterning  of  leather 
gloves.  In  addition,  a  new  mechanism  has 


recently  been  developed  by  the  QM  Corps 
which  will  contour  a  leather  glove  to  a 
predetermined  degree  of  curve  (Figure  4)  so 
that  such  handwear  can  be  developed  to  con¬ 
form  to  the  hand’s  true  shape.  Thus,  maxi¬ 
mum  efficiency  can  oe  obtained  from  any 
insulation  material  used  by  eliminating  com¬ 
pression  points. 

Protection  and  handwear 

DESIGN 

We  have  already  discussed  changes  in 
hand  dimensions  and  the  approach  being 
followed  for  sizing  handwear  to  allow  the 
man  to  accomplish  hi$  assigned  tasks.  How¬ 
ever,  the  problem  of  incorporating  insulation 
in  handwear  for  cold  weather  operations 
without  decrement  to  a  soldier’s  ability  to 
perform  remains  as  a  difficult  goal  to  be 
achieved  through  a  balanced  handwear  sys¬ 
tem.  One  of  the  simplest  ways  to  improve 
environmental  protection  is  to  place  large 
amounts  of  insulation  over  the  entire  hand. 
However,  with  the  increase  in  insulation  the 
efficiency  of  manual  dexterity  is  reduced  to  a 
minimum.  Thus,  techniques  for  hand  insula¬ 
tion  are  required  which  minimize  losses  of 
dexteiity.  The  best  compromise  between 
environmental  protection  and  dexterity  has 
been  sought.  Several  approaches  have  been 
followed  to  obtain  the  aesired  compromise. 
In  making  a  fist  it  was  belived  tk‘»t  the  inner 
hand  surfaces  could  be  kept  wasm  by  heat 
exchange  between  the  distal  ends  of  the 
fingers  and  the  mass  of  the  hand,  reducing 
the  area  of  the  radiating  surface. 

Prehmmary  Research  Studies  have  been 
conducted  wherein  greater  insulation  was 
placed  over  the  back  of  the  hand,  thumb,  and 
wrist  in  an  effort  to  extend  the  tolerance 
time  of  man  exposed  to  cold  environments 
|9J .  During  1956  the  first  study  was  under¬ 
taken  to  evaluate  the  manual  performance 
associated  with  such  differential  msulation. 
Tests  indicated  that  when  more  insulation 
was  placed  over  the  back  of  the  haiiu  rather 
than  on  the  palmar  side,  the  relative  per¬ 
formance  scores  were  significantly  higher 
than  those  achieved  with  the  standard  Arctic 
handwear  components.  Additional  studies 
have  been  conducted  which  indicate  that  the 
use  of  added  insulation  on  the  dorsal  surface 
of  the  hands  causes  a  significant  reductionin 
the  rate  of  finger  cooling  under  severe  cool¬ 
ing  conditions.  Additional  insulation,  added 
to  the  palm  of  the  hand,  however,  did  noV 
alter  finger  cooling  characteristics. 

A  laboratory  study  was  conducted  during 
1961  wherein  three  different  levels  of 
dexterity  requirements  were  studied  through 
the  use  of  three  different  performance  tests 
(3J.  The  results  indicated  (Figure  5)  that 
from  the  standpoint  of  manual  performance, 
the  new  handwear  which  was  evaluated  should 
be  given  further  consideration.  Although  the 
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new  system  was  not  dramatically  superior 
to  the  standard  handwear  m  reducing  the 
impedient  to  manual  performance,  it  could  be 
considered  as  equivalent.  Thus,  newfeatures 
of  physical  protection  contained  in  the  new 
handwear  did  not  create  additional  inter¬ 
ference.  Since  the  results  of  ttiese  tests 
were  highly  satisfactory,  handwear  was  de¬ 
signed  and  fabricated  which  incorporated 
most  of  the  features  of  the  previous  test 
handwear.  In  addition  to  placing  insulation 
over  the  back  of  hand,  thumb,  and  fingers,  it 
was  also  placed  over  the  front  wrist  section 
(Figure  6).  Thus,  it  could  be  assumed  that 
only  the  working  surfaces  of  the  hand  would 
be  unprotected  with  added  insulation.  For 
handwarming,  the  hand  could  be  formed  into 
a  fist  thus  primarily  exposing  the  part  having 
the  most  insulation.  In  cold-dry  areas,  a 
handwarmer  would  be  worn  over  the  glove 
for  rewarmmg  and  during  gross  manipulatory 
tasks.  The  same  principle  of  redistributing 
the  insulation  was  followed  in  the  mitten 
handwarmer  as  in  the  glove.  These  items 
have  been  laboratory  (3)  and  field  tested. 
Also,  it  was  concluded  that  manual  dexterity 
was  greater  when  this  handwear  was  worn 
1121. 

A  new  articulated  hand  calorimeter  has 
been  developed  for  evaluating  the  **clo’' 
values  of  various  sections  of  handwear  {$). 
A  "do"  IS  a  method  of  measuring  insulation. 
For  all  practical  purposes,  a  men's  business 
suit  IS  equal  to  approximately  1  "do".  The 
calorimeter  has  been  divided  into  23  separate 
tones  so  that  heat  loss  of  each  zone  can  be 
determined  separately.  When  evaluating  the 
new  handwear  on  this  calorimeter,  it  was 
found  that  there  was  an  mcrease  of  approxi¬ 
mately  7%  in  "do"  value  when  compared 
to  the  standard  Army  handwear  items  (6! . 
In  evaluating  the  "do"  values  of  the  various 
sections  of  the  standard  leather  glove  shell 
as  compared  to  the  new  experimental  light¬ 
weight  insulating  gloves,  it  was  found  that  in 
every  instance  the  test  item  was  superior  to 
the  standard. 

In  addition,  laboratory  dexterity  and  hand 
cooling  studies  have  been  conducted  on  a 
systematic  basis  (3l.  The  results  indicated 
that  in  general  the  new  system  is  equivalent 
or  superior  to  the  standard  system.  In 
several  respects,  increases  in  manual  dex¬ 
terity  were  observed  while  environmental 
protection  remained  equivalent  to  that  in  the 
stana;*!*!  system.  Most  ofthe  new  items  were 

l.'»s  bulky,  allowing  greather  capability  in 
|.erforming  manual  tasks.  Conclusions 
reached  as  a  result  of  wearing  the  newhand- 
wear  were  that  they  provided  more  effective 
insulation  and  greater  manual  dexterity  than 
the  standard  system.  Results  thus  far  ob¬ 
tained  from  both  field  and  laboratory  studies 
have  indicated  that  tolerance  time  of  man 
operating  in  the  cold  can  be  extended  by  the 
addition  of  insulation  to  the  more  exposed 


areas  of  the  hana.  The  optimum  placement 
and  optimum  amounts  must  yet  be  established 
in  order  to  exploit  this  principle. 

Calibration  of  the  sectionalized  hand  cal- 
arimeter  to  simulate  the  temperatures  ofthe 
human  hand  must  yet  be  established  in  order 
to  predict  the  efficiency  of  various  types  of 
handwear  design*  [?J.  The  approach  being 
followed  calls  for  tne  collection  of  cooling 
data  from  a  large  number  of  test  subjects 
for  bare  hand  and  various  gloved  conditions 
when  exposed  to  defined  environmental  tem¬ 
peratures.  The  hand  cbolingdatawillbeused 
to  set  up  the  han '  lorimeter  so  that  it 


may  be  used  to  con 
tions  closely  simul 
human  subjects.  1 
basis  for  the  validit 


gloves  under  condi- 
those  obtained  from 
data  will  provide  a 
using  the  calorimeter 


in  testing  gloves,  ,111.1  wiU  provide  input  data 
for  better  programming  of  the  device. 
Through  such  research  we  hope  to  give  the 
soldi'^r  handwear  that hasoptimum protection 
and  dexterity  characteristics. 


References 

1.  Hertzberg,  H.T.E,,  Daniels,  G.S.  (Aero 
Medical  Laboratory),  and  Churchill,  E. 
Antioch  College,  Anthropometry  of  flying  per¬ 
sonnel  -  19S0.  WADC  Technical  Report  52- 
321.  Sept.  1954.  52-56. 

2.  Kennedy,  S.J.,  Woodbury,  R.L.,  Mad- 
nick,  H.  Design  and  development  of  natural 
hand  gloves.  Clothing  and  Equipment  Develop¬ 
ment  Branch  Series  Report  No,  33,  Hq  QM 
Rtt£  Command,  Natick,  Mass.,  July  1962. 

3.  Kobrich,  John  L.  Unpublished  Report, 
Env.  Prot.  Res.  Div.,  Hq  OM  R&E  Command, 
Natick,  Mass. 

4.  Lyman,  J.  Final  report  on  studies  of 
some  variables  relating  hand  covering  design 
to  manual  performance  in  extreme  environ¬ 
ments,  February  1950,  5-6-7. 

5.  Madnick,  H.  Development  02  the  sec- 
tionalized  hand  calorimeter.  Clothing  Branch 
Series  Report  No.  24,  Hq  OM  R&E  Command, 
Natick,  Mass.,  December  1961. 

6.  Madnick.  H.  Fabrication  and  test  of 
experimental  handwear  incorporating  the  re¬ 
distribution  ox  insulation  principle.  Clothing 
and  Equipment  Development  Branch  Series 
Report  No.  30,  Hqs  .3M  R&E  Command, 
Natick.  Mass.,  May  1962. 

7.  National  Academy  of  Sciences 
National  Research  Council.  Committe  onHand 
Functioning  and  Handwear,  Report  of  Meeting, 
30  .March  1962. 

8.  National  Academy  of  Sciences 
National  Research  Council,  Protection  and 
functioning  of  the  hands  in  cold  climates, 
1957,  158-159. 

9.  National  Association  of  Clove  Mfgrs., 
Inc.,  History  and  romance  of  gloves.  Glove 
Life,  The  Complete  Glove  Manual,  1962, 
147771 


10.  Newman,  Russell  W.  Anthropometric 
analyses  of  curved  -  hand  glove,  imperme¬ 
able,  vinyl.  Research  Study  Report,  PA- 17, 
Env.  Frot,  Res.  Div.,  Hq  wM  RbE Command, 
Natick,  Mass.,  7  May  1958. 

11.  NevLman,  Russell  V«.  Unpublished  Re¬ 
port,  ^nv.  Prot  Res.  Div.,  HqOMR&E  Com¬ 
mand,  Natick,  Mass 

12.  QM  FieldEvaluationAgency,  USArmy, 
An  engineering  test  of  uniform,  integrated, 
cold-wet,  T61-3,  Technical  Report  T-227 


FFA  62015,  OM  FEA,  US  Army  QM  RfcE 
Command,  Ft  Lee,  Va  ,  May  1962. 

13.  Roehrig,  William  C.  Evaluation  of  ex¬ 
perimental  Arctic  Handwear  in  terms  of 
manual  performance,  ResearchStudy  Report, 
Env.  Prot.  Res  Div.,  Hq  OM  R&E  Command, 
Natick,  Mass.,  May  1956. 

14.  Woodbury,  Robert  L.,  QM  RtiE  Com¬ 
mand,  Natick,  Mass  ,  Private  correspondence 
from  Professor  H.L.  Movius  of  Harvard 
University,  Abri  Patand,  Les  Eyzies 
(Dordogne)  France,  11  August  1962. 


US 


DfrreMNTiAL  B£TMf£efi 
'  Jt¥£Amt  i.A»C£  <  JUrtMme  <S0dLL 
MONO  £tN6£A 


Figure  3.  Range  of  Hand  Lengths  and  Widths  (Approximations 
from  designers'  data  rather  'han  anthropometric  measurements). 
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D  LIMB  SENSITIVITY  TO  TRIPV/IRES  bv  Gino  R.  De  Togiu  and  Paul  S  Strauss.  Picatinny 
Arsenal,  Dover.  New  Jersey 


The  asc  of  tripwjrvs  to  activate  military 
or  hunting  de/ices  is  widely  knowm.  In  re¬ 
cent  years,  more  and  more  of  the  anti- 
pet' onnel  mines  and  small  flares  developed 

I  icatinny  Arsenai  have  incorporated  this 
type  of  remote  initiation  feature  Naturally, 
questions  h..ve  risen  regarding  the  detect¬ 
ability,  optimal  placement  and  general  use¬ 
fulness  of  the  tripw.re  technique  In  an 
effort  to  provide  guidelines  for  tripwire  em¬ 
ployment  and  design,  a  niodest  series  of 
human  factors  studies  on  wire  barriers  was 
programmed. 

Previous  -work  b>  Peters  and  Drumm  [i) 
has  ind'catcd  that  visual  detection  of  trip¬ 
wires  IS  ratner  poor,  and  depends  primarily 
on  height  of  wire  from  ground  in  relation  to 
ava.Iablc  concealment  or  blending  rather  than 
upon  lej.gth  of  wire.  Once  the  wire  is  tripped, 
however,  activation  of  the  mire,  flare,  or 
trap  depends  upon  t.ie  force  applied  to  the 
v'lre  and  transferred  to  the  control  mech¬ 
anism.  In  order  to  optimize  the  setting  of 
the  control  me'-hamsm,  a  force  must  be 
chosen  that  is  high  enough  to  prevent  acci¬ 
dental  activation  by  natural  objects  (branches, 
small  animals,  wind,  etc.)  yet  low  enough 
to  prevent  the  intended  victim  from  detecting 
the  wire  before  activation. 

Although  the  extensive  work  done  in  the 
field  of  human  Ic.omotion  [cf.  2|  and  human 
force  application  [  cf.  3|  provides  usefuldata 
for  many  areas  such  as  clothing  and  control 
design,  virtually  no  parameters  could  be 
found  for  the  estaolisnment  of  tripwire  acti¬ 
vation  forces  for  items  such  as  land  mines 
and  field  emplaced  flare*  It  was  decided  to 
explore  jxperimentally  the  range  of  forces 
to  be  expected  when  unseen  wire  barriers 
are  strucK  by  cautiously  approaching  subjects 
(Ss)  who  realize  the  wire  barriers  may  be 
present. 

In  order  to  limit  the  possible  measure¬ 
ments  to  those  most  usefdl  in  the  military 
situation,  only  neights  corresponding  to  upper 
and  lov/e**  Jeg  and  arm  heigtits  during  walk¬ 
ing  and  crawling  attitudes  w'ere  used.  Since 
the  running,  unsuspecting  or  careless  CT.emv 
would  have  little  chance  oftactuaiiydetecting 
the  wire  before  applying  considerable  force, 
thece  rrodes  were  not  considered  for  this 
prc’im'iary  experiment, 

PRDCEDURE 

An  apparatus  v'asconstructed  (Figure  l)to 
facil'tate  manipulation  of  the  study  variables. 

A  wteei  wire,  ,0475  ii.  diameter,  was 
stretcicd  across  %hc  large  frame  »t  randomly 
alternating  heights  of  4,  8,  18,  and  24  in.  One 
end  of  the  wire  was  fixed  to  the  frame,  ard 
the  other  attached  to  a  15- lb.  Chatillon push- 


pull  goge,  scaiea  irom  u  lo  jo  lo,  in  i/h-io 
increments 

Each  of  4  male  Ss  was  clothed  in  cover¬ 
alls,  blindfolded,  and  instructed  to  stop  his 
movement  toward  the  wire  immediately  upon 
detecting  a  wire  b-rrier.  Each  received  four 
series  of  trials  in  randomized  order,  a  slow 
walk  senes  (1.5  ft. /sec,),  a  fast  walk  series 
(3  ft./sec.),  a  slow  hands  and  knees  crawl 
senes  (1.5  ft./sec.),  and  a  fast  b^rds  and 
knees  crawl  senes  (3  ft./sec.).  Only  the  4 
and  8  in.  heights  were  used  for  the  crawling 
trials. 

S’s  starting  distance  from  the  wire  was 
randomly  varied  between  2.  4.  6,  and  8  ft.  for 
each  trial  in  order  to  reduce  expectancy  cues. 
Before  each  tiial,  tSie  wire  was  set  to  2  lb 
then  reduced  to  0  on  the  scale,  so  that  it  was 
just  taut 

RESULTS  AND  DISCUSSION 

Scale  readings,  reflecting  lateral  pull  on 
the  gage  spring  due  to  wire  displacement, 
were  converted  to  actual  force  applied  to  the 
wire  using  the  formula  F“|j(s/2MD)  (L)3  / 
£(D+M)  (L-D)],  where  £,»force  exerted  by 
the  subject  on  the  wire,  S«actual  scale  read¬ 
ing.  M»lincar  movement  of  scale  pointer  in 
in.,  P.«distance  from  point  of  force  to  scale 
in  in.,  ii=length  of  wire betweenfixed points.* 

As  a  rapid  means  of  ^securing  many 
between  and  within  variable  comparisons,  a 
complete  series  of  X  tests  was  performed, 
using  the  Engineering  Sciences  Laboratory's 
IBM  709  computer  and  suitable  programs. 
Table  1  presents  the  mean  detection  force 
and  its  standard  deviation  for  Ss  under  each 
approach  condition  A  series  of  X  tests 
reveal  that  all  differences  between  condition 
means  (pooling  Ss)  are  significant  beyond 
the  01  level  As  expected,  faster  approach 
speeds  cause  significantly  greater  forces. 
The  significant  differences  between  crawling 
(arm)  and  walking  (leg)  forces  may  be  ac¬ 
counted  for  bv  the  arm’s  faster  reaction  time 
and/or  a  difference  in  sensitivity. 

Table  2  lists  the  mean  force  and  its 
standard  deviation  for  each  wire  height  under 
each  approach  condition  over  Ss.  A  series 
cf  t_  tests  for  this  data  reveal  that  there  are 
significant  differences  between  the  mean 
forces  produced  at  the  highest  and  lowest 
heights  for  the  slow  walk  condition  only.  'Dur¬ 
ing  this  approach  condition,  the  force  applied 
by  the  leg  becomes  progressively  greater  as 
tne  v>ire  is  lowered.  These  force  differences 
.nay  be  understood  in  terms  of  the  ballistic 
type  movements  of  tha  lower  leg  during 
walking  in  contrast  ,oth«.  controlled  extension 

as  oil  F  is  osarwd  *0  tea*  the~«dpciint  ct  L. 


TABLE  1 


MEAN  DETECTION  FORCES  AND  SDs  FOR  Ss  UNDER  APPROACH  CONDITIONS 


S  Leg*  Arm** 

Slow  Walk  Fast  Walk  Slow  Crawl  Fast  Crawl 


M 

SD 

M 

SD 

M 

SD 

M 

I 

6.04 

2.03 

10.62 

1.46 

4  03 

0  63 

10.27 

•<.05 

II 

3  59 

1.59 

8.59 

2.26 

2.83 

1.43 

6.1? 

1.74 

111 

4.04 

1.50 

8  12 

2  6S 

4.18 

1  82 

5.97 

1.80 

IV 

4.92 

2.52 

7.60 

2.20 

1  85 

0.98 

4.52 

1.56 

Mean  Total 

4.65 

2.12 

8.64 

2.36 

3.22 

1.57 

6.73 

2.96 

*  16  trials  for  each  S  on  leg  conditions. 

**  8  tna.s  for  each  S  on  arm  conditions 

TABLE  2 

MEAN  DETECTION  FORCES  AND  SDs  FOR  HEIGHTS  UNDER  APPROACH  CONDITIONS 


Height  Leg  Arm 

(in.)  Slow  walk  Fast  Walk  Slow  Crawl  Fast  Crawl 


u. 

M 

M 

|D 

M 

SD 

24 

3  23* 

0.94 

8.79 

1  96 

18 

3.74 

1.58 

7.69 

2.15 

8 

5.56 

1,97 

9.34 

2.93 

3.06 

1.42 

7.24 

3.36 

4 

6  09 

2.37 

8.77 

2.20 

".39 

1.74 

b  23 

2  52 

24  *  18 

3.48 

1.29 

8  24 

2.10 

8+4 

5.83 

2.16 

9.06 

2.57 

3.23 

1.54 

6.74 

2.92 

*  Forces  arc  »n  lb. 

of  the  upper  leg  That  is,  it  would  be  more  between  upper  -nd  lower  arm  forces.  In 

Hiffi'-i'i*-  to  Stop  or  control  lower  leg  move-  this  case,  the  mean  differences  are  less  than 

jnc^^s  ^ha:»  it  would  upper  leg  movements  .35  lb.  and  1.01  lb  and  arc  not  statistically 

when  the  barrier  is  detected.  At  faster  significant 

approach  speeds,  both  upper  and  lower  leg  The  technique  of  varying  Ss  starting  dis¬ 

tend  toward  more  ballistic  type  movement  tances  to  minimise  expectancy  cueswas  suc- 
which  would  be  reflected  by  the  similarities  cessful,  since  there  are  no  significant  mear 

in  the  forces  they  exert  uponthe  wire.  Under  differences  between  d. stances  within  cond.- 

the  fa.’'  walk  condition, thcdifferenceinforce  tions 
between  hignest  and  ,owest  heights  (0.02  lb.) 

IS  not  significant.  CONCLUSIONS 

Since  both  upper  ard  lower armarc  moved 

in  a  uniform,  controlled  manner  during  crawl-  The  limited  nature  of  this  studv  precluoes 

ing,  one  would  experttofind  smalldifferences  extensive  generalizatior.  However,  the  ipean 
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force  measurements  obtained  seem  fairly 
stable  within  tlie  variability  expected  by 
chance  factors  associated  with  S’s  length  of 
stride  and  starting  distance.  It  is  felt  that 
the  forces  presented  maybe  used  for  the  de¬ 
velopment  of  approximations  of  detection 
threshold  forces.  For  slow  and/or  controlled 
type  limb  movements,  the  forces  arc  *ur« 
pris  ngly  low.  However,  faster  and  more 
ballistic  type  limb  movements  produce  con« 
siderably  larger  forces. 

In  the  placement  of  tripwires,  the  data 
suggest  that  heights  should  be  limited  to  12 
in.  to  take  advantage  of  the  greater  forces 
produced  by  the  lower  leg  during  slowualkmg 
approaches.  Final  determination  of  activa¬ 
tion  force  must  still  remain  dependent  upon 
the  expected  field  use  of  the  device  itsslf. 

The  data  presented  seem  tohave  implica¬ 
tions  for  the  problem  of  preventing  or  min;-* 
mizing  accidental  artivntion  of  controls  in 
confined  working  areas,  at  well.  Peripheral 
controls  are  more  subject  to  accidental, 
ballistic  type  movements  and  may  require 
oppror  ‘late  shielding  or  higher  activating 


force  requirements  than  those  central  to  the 
work  area.  Obtaining  force  measurements  by 
metnodology  similar  to  that  used  mthis  study 
might  be  a  practical  approach  to  this  problem. 

Further  work  in  this  area,  including  more 
controlled  study  of  the  effects  of  site  of 
stimulation,  clothing,  and  type  of  movement 
appears  promising. 
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E  SURVEY  OF  THE  EFFECTS  OF  LOAD-CARRYING  AND  EQUIPMENT  DESIGN  UPON 
TASKS  PERFORMED  BY  THE  COMBAT  INFANTRYMAN  by  Dr.  Martin  A.  Tolcott  and 
Ml.  Morns  Kolnicker,  Dunlap  and  Associates,  Inc.,  Stamford,  Connecticut 


I.  Introduction 

This  study  developed  out  of  a  conviction 
that  information  about  the  effects  of  equip¬ 
ment  design  and  loao-carrying  devices  upon 
ttie  performance  of  the  combat  infantryman 
V.3S  scattered  and  incomplete.  It  was  felt 
that  a  survey  ai  d  summary  of  the  work  that 
has  been  done  in  this  field  would  serve  two 
useful  purposes  First,  such  a  study  would 
provide  an  organized  summary  of  informa¬ 
tion  from  a  variety  of  sources  which  would 
be  of  interest  and  value  to  designers,  evalu¬ 
ators,  and  users  of  hand-held  infantry  equip¬ 
ment.  And,  second,  a  review  of  the  literature 
and  other  information  sources  would  permit 
an  identification  of  gaps  in  this  field  of 
knowledge,  and  thus  form  a  basis  for  the 
planning  of  research  aimed  at  filling  the  gaps 
and  expanding  the  data  base  upon  which  future 
design  decisions  could  rest 

The  focal  point  of  the  investigation  was 
the  combat  foot  soldier  and  the  manner  in 
which  his  performance  was  affected  by  the 
design  of  hand-held  equipment,  the  design 
of  man- portable  crew- served  equipment,  and 
load- carrying  techniques  and  devices. 
Although  obviously  related,  factors  such  as 
the  design  of  clothing  and  the  effects  of 
weather  and  terrain,  were  not  of  central 
interest  here  They  were  covered  only  in¬ 
sofar  as  they  were  included  as  variables  in 
the  studies  which  vere  examined,  or  to  the 
extent  that  certain  *ypes  of  clothing,  as  for 
example,  the  battle  jerkin,  could  be  con¬ 
sidered  as  essentially  a  load-carrying  device. 
Furthermore,  the  performance  measures 
of  central  interest  in  the  survey  were  those 
characterizing  tasks  performed  by  soldiers 
under  conditions  of  actual  combat,  studies 
utilizing  physiological  measures  such  as 
pulse  rate,  body  temperature  and  electromyo- 
graph  readings  were  covered onlytoalimited 
extent  in  this  survey 

Source  materials  of  various  types  were 
drawn  upon  They  varied  markedly  in  their 
quality  when  evaluated  as  pieces  of  experi¬ 
mental  research.  However,  the  intent  of  the 
survey  was  to  identify  informition  of  any 
bearing  on  the  central  question,  to 
-..ze  it  systematically,  and  to  identify 
promising  leads  for  future  research  There¬ 
fore,  although  reports  of  laboratory  experi¬ 
ments  were  drawn  upon  to  the  extent  that 
they  were  relevant  and  available,  other  types 
of  lources  were  also  used.  In  approximately 
deci  easing  order  of  scientific  validity,  these 
othex  sources  included 

•  Field  test  and  evaluation  reports 

•  Reports  of  traimng  exercises  under 
simulated  combat  conditions 


•  Army  staff  studies  and  conference 
reports 

•  Opinions  of  combat  officers  and  field 
personnel 

•  Reported  observations  of  other  cultural 
groups 

•  Miscellaneous  published  artic'  s 

In  all,  over  341  literature  sources  were  given 
at  least  a  preliminary  screening  These 
were  drawn  primarily  from  various  Army 
libraries  throughout  the  United  States.  On 
the  basis  of  availability,  relevancy,  and  time, 
62  items  were  selected  for  intensive  study. 
As  each  study  was  reviewed,  an  attempt  was 
made  to  determine 

•  Major  hand-held  or  man- ported  equip¬ 
ment  unit  or  load-carrying deviceused 
(e.g..  Ml  rifle,  hand  grenade,  rucksack, 
etc.) 

•  Task  or  activity  the  soldier  or  subject 
performed  while  using,  wearing,  or 
carrying  the  equipment  unit 

•  Weight  of  the  equipment 

•  Mode  of  carriage  (i  e.,  how  it  was  held 
or  carried,  or  to  what  part  of  the  bod> 
it  was  affixed) 

•  Conditions  under  which  the  study  was 
performed  (i.e.,  the  laboratory  or  field, 
weather,  mode  of  hiking,  terrain) 

•  Measures  used  to  assess  theperform- 
ance  (i  e.,  task  performance,  physio¬ 
logical  measures,  time,  or  other  meas¬ 
ures,  time,  or  other  measure  of 
capability) 

•  Results  (particularly  design  implica¬ 
tions) 

In  addition  to  surveying  existing  litera¬ 
ture,  field  trips  were  made  to  Army  establish¬ 
ments  in  the  United  States  to  gather  addi¬ 
tional  data,  and  inquiry  and  correspondence 
directed  to  many  organizations  and  individ¬ 
uals  to  determine  on-gomg  research  con¬ 
cerned  with  load- carrying  and  equipment 
design  not  indicated  in  the  existing  literature 
or  available  from  discussions  with  other, 
military  personnel.  The  results  of  the  survey 
were  then  summarized  in  handbook  form, 
organized  by  type  of  equipment.  In  the  final 
report,  conclusions  are  presented  in  the 
following  areas,  loads  and  load- carrying 
devices,  equipment  design,  performance 
measures,  and  areas  for  future  researen. 
Some  of  the  major  results  are  presented 
here. 


n.  Load- carrying 

Many  recommendations  have  been  made 
concerning  the  maximum  load  that  a  soldier 
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should  carry  into  combat  Typical  reeom- 
mcndaticnr  are  shown  m  Figure  1,  and  con¬ 
trasted  wivh  some  Loads  presently  being 
carried. 

Except  where  indicated*  the  figures  shown 
relate  to  “combat”  loads*  which  includeonly 
existence  items  (basic  clothing  and  equip¬ 
ment)  and  battle  items  (weapons  and  ammuni- 
tior.<.  In  the  case  identified  as  march  con¬ 
ditions*  the  load  would  include  so-called 
comfort  items  (extra  clothing*  etc.)  which 
would  normally  be  dropped  by  the  soldier 
before  entering  combat  In  no  case  does 
the  figure  include  clothing  worn  by  the  soldier. 

In  the  two  cases  identified  as  “snow 
conditions,”  the  were  pulling  loaded 

sleds  with  a  gross  weight  ofabout  145  pounds. 

It  will  be  noted  that  the  recommended 
maximum  loads  range  from  28  to  55  pounds, 
depending  on  the  tactical  conditions  (combat 
or  marching),  the  terrain*  and  the  type  of 
soldier.  As  an  order  of  magnitude  recom¬ 
mendation,  40  pounds  may  be  specified  as  the 
maximum  combat  load  for  a  rifleman,  45 
pounds  as  the  maximum  combat  load  for  a 
non- rifleman,  and  about  55  pounds  as  the 
maximum  marching  load,  under  reasonably 
normal  conditions. 

Some  typical  loads  presently  being  car¬ 
ried  by  infantry  soldiers  (shown  on  the  two 
bars  to  the  extreme  right  of  Figure  1)  arc. 
(2  pounds  for  a  rifle  squad  leader,  and  77 
pounds  for  an  M60  machine  gunner.  The 
latter  two  figures  are  taken  from  the  report 
of  the  U.S.  Army  Infantry  School  Rifle  Squad 
and  Platoon  Evaluation  Program,  conducted 
in  1961. 

It  should  be  noted  that,  on  the  wdiole,  the 
recommended  maximum  loads  are  based  on 
observational  reports  or  on  ^ystological 
measures.  There  is  a  serious  lack  of  data 
based  on  controlled  experiments  in  which  the 
load-carrying  situation  is  varied  and  stand¬ 
ard  measures  of  task  performance  are  ob¬ 
tained.  Furthermore,  no  studies  were  found 
in  which  measures  had  been  obtained  of  tasks 
performed  after  load- carrying  (which  is  a 
frequent  requirement  imposed  on  the  foot 
soldier);  studies  of  this  type  might  show 
significant  performance  degradation  with 
loads  even  lighter  than  those  specified  as 
“able  to  be  carried.” 

However,  in  view  of  the  relatively  close 
clustering  of  the  recommended  values,  and 
the  excessive  loads  actually  being  carried, 
it  18  suggested  that  prior  research  attention 
be  s*ven  to  developing  techniques  for  reduc¬ 
ing  the  loads  being  carried,  rather  than  to 
obtaining  more  precise  estimates  of  maxi¬ 
mum  load-carrying  capability, 

III.  l.oad-carrying  Techniques  and  Devices 

A  review  of  studies  dealing  with  load- 
carrying  techniques  leads  to  the  following 
conclusions: 


•  Carnage  low  on  the  back  appears 
preferable  to  high  pack  carriage  for 
most  purposes,  and  for  any  loads  above 
46  pounds. 

•  Thigh  carry  is  undesirable.  Fifteen 
pounds  carried  in  mid-thigh  pockets 
(7- i/2  pounds  per  thigh)  were  found  to 
produce  energy  expenditure  equivalent 
to  that  caused  by  carrying  45  pounds  on 
the  back. 

•  The  weight  of  the  ^oad  should  be  dis¬ 
tributed  over  a  wide  area,  the  weight  of 
a  load  on  the  back  should  be  least 
partially  balanced  by  a  load  on  the 
front,  and  load-  carrying  devices  should 
be  designed  so  that  local  strain  is 
eliminated  oy  transmitting  load  weight 
to  the  ground  through  bene. 

•  Size  and  shape  of  loads  have  not  been 
systematically  studied. 

•  Results  of  studies  of  a  wide  variety  of 
specific  load-carrying  devices  indicate 
several  advantages  in  the  Bell  "Hip 
Pack,”  the  T53-8  Experimental  Pack, 
and  the  jerkin  concept.  However,  the 
specific  design  features  associated 
with  these  advantages  cannot  be  identi¬ 
fied  from  the  reports. 

•  Techniques  for  load  reduction  which 
should  be  explored  include'  use  of 
light-weight  materials,  special  packs 
for  special  missions,  use  of  multi¬ 
purpose  equipment,  training  for  survi¬ 
val  with  minimum  equipment,  and  re¬ 
vamping  of  supply  and  logistics  tech¬ 
niques  to  meet  infantry  requirements. 

•  There  are  reports  in  the  literature  of 
African  porters  carrying  loads  up  to 
150  pounds  (and  in  some  cases  up  to 
250  pounds).  Although  these  reports 
are  of  questionable  reliability,  they 
suggest  that  more  careful  anthro¬ 
pological  study  might  lead  to  the  de¬ 
velopment  of  training  methods  r**  to  the 
use  of  novel  techniques  to  enable  sol¬ 
diers  to  carry  their  loads  with  greater 
ease  and  comfort. 


IV.  Design  of  Equipment  (otrer  than  load- 
carrying  devices) 

•  The  rifle  has  been  more  extensively 
studied  than  any  other  equipment. 

•  Studies  of  marksmanship  with  the  Ml 
rifle  indicate  that* 

•  Performance  is  improved  by. 

•  Loop  sling  (as  compared  with 
other  slings) 

•  Use  of  sling  during  training 

•  Performance  in  unaffected  by: 

•  Rifle  weight  from  9.8-14,25 
pounds  (when  fired  from  the 
prone  position) 

•  Use  of  personalized  stocks  or 
preferred  comb  configurations 


1S6 


•  Upper  limit  recommended  for  recoil 
IS  19.3  foot-pounds. 

•  The  M67  reroilless  rifle  (which  weighs 
44  pounds,  including  one  round  of  am¬ 
munition)  hinders  mobility  of  the  rifle 
crew. 

e  Indigenous  personnel  of  Southeast  Asia 
prefer  the  M2  carbine,  which  is  shorter 
and  lighter  than  the  Ml  rifle. 

•  Soldier  maneuverability  as  a  function 
of  rifle  size  and  weight  has  not  been 
studied  (except  for  the  M67  recoilless 
rifle),  nor  have  the  effects  of  prior 
load- carrying  upon  marksmanship. 

•  Equipment  evaluation  of  the  T201 
mortar  revealed  manydesigndeficien- 
cies,  several  of  which  would  presum¬ 
ably  hinder  set-up  and  maintenance,  as 
well  as  operation.  These  deficiencies 
are  noted  in  the  report  to  focus  design 
attention  on  an  area  requiring  signifi¬ 
cant  improvement,  namely,  design  of 
equipment  for  ease  of  set-upand  main¬ 
tenance. 

•  The  relationship  between  human  en¬ 
gineering  design  features  and  per¬ 
formance  for  other  types  of  infantry 
equipment  has  not  been  studies  to  any 
appreciable  extent 

•  Design  requirements  of  indigenous 
personnel  have  not  yet  been  de¬ 
termined,  nor  have  the  requirements 
of  U.S.  troops  for  guerrilla  warfare 
in  jungle  terrains.  However,  studies 
in  this  area  are  now  in  progress. 

V.  Performance  Measures 

«  Physiological  measures,  although  fre¬ 
quently  used  and  relatively  precise, 
have  not  been  systematically  cor¬ 
related  with  ether  behavioral  meas¬ 
ures,  and  are  usually  insensitive  to 
subtle  design  variables.  They  are 
useful,  however,  in  determining  meta¬ 
bolic  cost  of  load-carrying  and  other 
physical  activities. 

•  Gross  bodily  activities  related  to  mo¬ 
bility  and  maneuverability  are  com¬ 
monly  rated  by  observers  in  evaluating 
loads  and  load-carrying  dtvices.  Ob¬ 
server  ratings  of  these  activities  could 
be  made  more  reliable  if  principles 
of  experimental  design  were  followed 
in  field  tests. 

e  i-'rimary  tasks  (e.g.,  weapons  firing) 
nave  been  measured  for  the  most  part 
in  evaluating  rifle  design.  However, 
with  highly  trained  subjects,  even  these 
measures  are  not  likely  to  be  sensitive 
to  minor  design  variations  unless  the 
tasks  are  made  more  realistically  dif¬ 
ficult  by  combining  them  with  maneu¬ 
vering  activities  and  load-carrying. 

e  Secondary  tasks  (e.g  ,  set-up,  calibra¬ 
tion,  maintenance)  assume  major  im¬ 


portance  in  evaluating  crew- served 
equipment,  and  should  be  used  more 
extensively.  Task- equipment  analysis 
can  help  identify  critical  tasks,  and 
motion  study  can  aid  in  obtaining 
precise  measures 

•  Human  engineering  evaluation  ofhand- 
held  infantry  equipment  is  severely 
bmited  by  the  lack  of  basic  design 
data  for  use  as  criteria  There  are 
ro  checklists  or  design  guides  com¬ 
parable  to  those  now  avail,  .le  for 
more  complex  electronic  systems.  The 
systematic  collection  of  performance 
data  on  which  tc  base  such  a  guide,  is 
a  major  requirement. 


VI.  Research  Problems 

Fruitful  areas  for  research  are  ’“ted 
beiow,  in  approximate  order  of  importance: 

•  Development  of  load- reduction  tech¬ 
niques,  through 

•  Continued  efforts  to  develop  light¬ 
weight  materials 

•  Exploration  of  the  concept  of 
loads  for  special  missions” 

•  Exploration  of  the  use  of  indigenous 
burden  carriers,  animals  and 
wheeled  vehicles 

•  Exploration  of  new  techniques  of 
supply  and  logistics 

•  Research  aimed  at  designing  pack- 
carried  items  for  easier  load-carrying 
as  well  as  for  meeting  performance 
requirements 

•  Trade-off  studies  comparing  cost  and 
effectiveness  of  special-purpose  vs, 
multi-purpose  equipment  for  special 
combat  missions. 

•  Collection  of  basic  anthropometric, 
behavioral  and  cultural  data  on  in¬ 
digenous  personnel,  on  which  to  base 
design  or  selection  of  weapons,  tools 
and  other  equipment  furnished  to  them 
by  the  U.S. 

t  Methodological  studies  to  develop  more 
reliable  performance  measures  during 
simulated  combat  operations. 

•  Analyses  aimed  at  determining  re¬ 
lationships  among  several  types  of 
activity  measure  (e.g,,  physiological 
measures,  observer  ratings,  perform¬ 
ance,  etc.),  and  between  these  meas¬ 
ures  and  other  more  fundamental  crite¬ 
ria  of  infantry  performance  effective¬ 
ness. 

•  Systematic  study  of  load-carrying 
techniques  employed  in  other  cultures, 
to  determine  the  extent  to  which  load¬ 
carrying  might  be  facilitated  through 
training  or  the  use  ofnoveltechniques. 
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Summar) 


In  summary,  a  review  of  literature  was 
undertaken  to  identify,  organize  and  sum¬ 
marize  the  results  of  studies  concerned  with 
the  relationships  between  the  design  of  in¬ 
fantry  equipment  and  the  combat  performance 
of  the  'oot- soldier.  It  was  found  that  studies 
of  thi'.  typo  were  scattered,  and  that  the 
available  data  are  inadequate  to  provide  a 
solid  basis  for  developing  a  design  guide  for 
man-carried  equipment. 

It  IS  recommended  that  standardized  per¬ 
formance  tasks  be  more  widely  used  as  a 
basis  for  evaluating  design  features  of  in¬ 
fantry  equipment.  The  U.S.  Army  Infantry 
Human  Research  Unit  has  recently  identified 
a  set  of  critical  tasks  and  skills  of  the 
infantryman,  and  although  these  were  de¬ 
veloped  primarily  for  training  purposes, 
they  might  well  serve  as  a  basis  for  studying 
equipment  design  features  It  is  also  rec¬ 
ommended  that  these  measures  of  task  per¬ 


formance  be  obtained  more  frequently  under 
s:.iiulated  field  cond’tions,  such  as  after 
marching  and  maneuvering  with  loads.  Such 
measures  would  help  determine  the  realistic 
limits  of  infantryman  performance,  not  only 
as  a  function  of  equipment  design,  but  also 
as  a  function  of  load  carried.  A  related 
requirement  is  the  development  of  improved 
methods  for  scoring  performance  in  the  field, 
such  as  that  developed  by  the  Human  Re¬ 
search  Unit  at  Fort  Benning, 

Finally,  it  is  recommended  that  a  pro¬ 
cedure  be  established  whereby  the  vax  ous 
Army  groups  performing  research  in  this 
area  would  furnish  summarized  results, 
including  general  design  implications,  to  a 
central  group  charged  with  maintaining,  up¬ 
dating,  and  periodically  publishing  this  in¬ 
formation.  Eventually,  it  might  be  possible 
to  furnish  equipment  designers  with  a  set  of 
Human  Engineering  Design  Specifications  for 
Infantry  Equipment,  as  an  integral  part  of 
their  design  objectives. 
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Figure  1.  Recommended  and  Actual  Combat  I^ada  Carried  by  Infantry  Personnel. 

Includes  "existence"  items  (basic  clothing  and  equipment),  and  "battle"  items  (weapons  and  ammunition). 
Excludes  normal  clothing  being  worn,  and  "comfort"  items. 
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Several  years  ago,  the  HumanEngineering 
Laboratories  began  a  program  of  hearing  loss 
research  in  monkeys.  The  immediate  prob¬ 
lem  we  encountered  at  the  time  was  the 
ao.ence  of  an  established  method  whereby 
hearing  loss  and  recovery  could  be  measured 
in  the  monkey.  A  number  of  earlier  investi¬ 
gators,  Elder  in  1934,  Wendt  in  the  same  year, 
Harris  in  1942,  andSeidenmorethanadecade 
later,  had  reported  reliable  auditory  acuity 
thresholds  in  various  sub-human  primates. 

A  characteristic  common  to  all  the  previous 
methods  used  was  the  length  of  time  involved 
in  the  measurement  of  a  threshold— this  often 
took  several  hours.  Normally,  the  greatest 
recovery  occurs  during  the  first  few  minutes 
following  exposure  Since  our  interest  is  in 
hearing  loss,  a  rapid  means  of  threshold 
measurement  is  indispensable  An  increase 
in  speed  will  yield  a  greater  number  of 
threshold  determinations  and,  consequently, 
a  more  reliable  trend  estimation  of  hearing 
recovery  is  possibledunng this  early  critical 
period.  A  method  which  satisfies  the  criteria 
of  testing  speed  and  reliability  must  further 
be  examined  for  use  with  animals  which  may 
be  in  a  state  of  nervoustenstonor  excitement 
Available  evidence  suggests  that  animals  are 
under  some  emotional  stress  during  noise 
exposure,  and  we  should  like  to  insure  that 
they  will  perform  well  while  in  this  state. 

The  purpose  of  this  paper  is  to  report  on 
the  developm<*nt  of  a  workable  approach  to  the 
study  of  hearing  loss  in  monkeys. 

First,  I  will  discuss  such  factors  as  mode 
of  tone  delivery,  type  of  indicator  response, 
reinforcing  agent,  and  sequence  of  trial  events 
as  they  pertain  to  a  rapid  and  reliable  method 
c£  audiometrsc  testing,  then  will  be  g.ven  a 
description  of  the  Human  Engineering  Labo¬ 
ratories’  method,  and  this  will  befollowedby 
an  experimental  test  and  evaluation  of  ihe 
method. 

Factors  Involved  in  /\n  Audiometnc  Method 

The  use  of  earphones  for  tone  deliveryto 
monkeys  has  been  a  long-standing  problem 
because  ot  their  head  shape,  small  head  siae, 
and  aggressive  temperament.  For  this  reason, 
the  prevalent  method  of  presenting  the  tone  in 
monkey  audiometry  made  use  of  a  free  field 
s.<’-«kion  with  a  loudspeaker  as  sound  source. 
Elder  xound  that  earphones  could  be  used  with 
chimpanzees  with  no  restraint  to  the  animal. 

While  the  initial  difficulty  in  finding  a  way 
of  securing  earphones  around  the  monkey’s 
ears  is  not  to  be  underemphasized,  in  the  long 
run  the  advantages  over  the  loudspeaker 
metnod  are  realized  by  features  of  flexibility 
and  accuracy.  Earphones  permit  excellent 
control  of  inter-tnal  stimulation  of  the  same 
magnitude  of  stimulus  intensity.  In  order  to 


accomplish  the  same  with  a  loudspeaker, 
continual  head  restraint  with  respect  to  posi¬ 
tion  and  direction  of  stimulus  source  must  be 
used. 

The  lever  press  is  a  commonly  used  indi¬ 
cator  response  m  behavioral  studies  Al¬ 
though  the  lever  press  can  be  emitted  occa¬ 
sionally  by  an  animal  purely  on  an  incidental 
basis,  probability  of  spontaneous  occurrence 
IS  relatively  lov/.  Though  the  time  taken  to 
establish  ?  lever  press  response  is  substan¬ 
tially  longer  than  is  requirea  ior  the  occur¬ 
rence  of  a  running,  jumping,  or  eyeblink  re¬ 
sponse,  it  can  be  conditioned  to  appear  on  and 
only  on  cue.  Once  the  lever  press  is  firmly 
established  as  a  conditioned  response,  trials, 
as  inthe  audiometnc  test,  can  be  programmed 
with  speed  and,  furthermore,  greater  reli¬ 
ability  is  expected. 

An  animal's  jump  or  lever-press  re¬ 
sponses,  which  serve  as  icators  to  the 
experimenter  that  tone  stimuli  are  perceived, 
is  learned  and  strengthened  with  appropriate 
reinforcing  agents.  Electric  shock  is  effec¬ 
tive  in  a  variety  of  circumstances  and  may 
eas.l/  be  administered  in  varying  intensities. 
Food  usually  evokes  a  more  cooperative  alti¬ 
tude  m  subjects,  but  maintaining  a  high  moti¬ 
vational  state  for  good  performance  is  dif¬ 
ficult. 

The  sequence  of  events  found  in  the  audio- 
metric  test  frequently  begins  with  a  “ready” 
signal  and  terminates  with  the  subject’s  re¬ 
sponse  Th<»  “ready”  signal,  usually  visual  but 
occasionally  auditorv,  has  the  function  of  pre¬ 
paring  the  subject  to  listen  for  a  tone,  which, 
if  given,  appears  soon  afterward.  A  long 
interval  between  a  “ready“signal  and  a  tone 
tends  to  reduce  the  usefulness  ofthe  signal  as 
an  attention-drawing  cue.  The  eight-  or  16- 
second  interval  used  by  Wendt  seems  un¬ 
necessarily  long,  especially  if  consideration 
IS  given  to  obtaining  quick  thresholds  A 
constant  interval  between  the  onset  of  the 
“ready”  signal  and  tone  requires  ihe  use  of 
frequent  checks  on  the  subjects  honesty  so 
that  the  animal  does  not  learn  to  make  a  time 
discrimination.  A  check  for  a  proper  re¬ 
sponse  can  be  made  by  eliminating  the  tone 
completely  from  an  occasional  trial.  A  re¬ 
sponse,  indicating  that  a  tone  was  heard, 
then  would  be  punished  under  the  circum¬ 
stances  of  the  tone-off  trial  condition. 

The  test  tone,  another  event  in  the  se¬ 
quence,  usually  lasts  for  a  few  seconds,  dur¬ 
ing  which  time  an  ammal  is  to  make  an 
appropriate  response.  If  the  response  does 
not  occur,  shock  is  administered  or  food  is 
withheld,  depending  on  the  type  of  reinforcer 
used.  During  the  audiometnc  test,  assuming 
the  completion  of  sufficient  and  appropriate 
training,  the  absence  of  response  should  mean 
that  the  presented  tone  was  below  the  sabjort’^ 
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threshold.  In  this  case,  the  response  would  be 
considered  appropriate  and  followed  by  a 
reward 

The  Human  Engineering  Laboratories' 
Method 

D  iCing  laboratory  testing,  sound  resistant 
roomo  are  used.  The  control  room,  where 
the  experimenter  conducts  the  audiometric 
training  ana  testing,  is  situated  in  another 
part  of  the  building  The  training  andtcsting 
schedules  are  programmed  by  a  series  of 
relays  and  timing  circuits.  Data  recording 
IS  manual. 

The  audiometer  was  made  by  our  En¬ 
gineering  Laboratory  It  consists  of  an 
audio  oscillator  capable  of  producing  anyone 
of  nine  predetermined  sme  wave  frequencies, 
a  balanced  amplifier  controlled  by  an  elec¬ 
tronic  switch,  and  a  decade  attenuator.  The 
tone  IS  administered  through  headphones. 
This  arrangement  provideo  good  stability  and 
eliminated  audible  transients  m  the  head¬ 
phone  when  switching  on  and  off  at  low  signal 
levels  During  a  five-day  test  of  audiometer 
stability,  the  attenuation  level  did  not  deviate 
more  than  one  decibel.  In  order  to  flatten  the 
frequency  response  of  the  Beyer  dynamic 
headset  used,  a  frequency  compensating  net¬ 
work  was  incorporated  into  the  audiometer 

The  audio  helmet  device,  shown  .n Figure 
1,  served  to  reduce  the  test  area  noise  level 
at  the  ear  primarily  through  the  operation  of 
built- in  liquid- filled  ear  cushions  and  also 
functioned  in  part  as  an  earphone  holder.  In 
order  to  assure  a  good  fit,  the  inner  surface 
of  each  audio  helmet  is  'oamed  in  place  to  a 
plaster  cast  made  of  each  animal's  head. 

Animals  are  initially  conditioned  to  re¬ 
spond  to  a  2,000  cycle  per  second  tone  and 
refrain  from  responding  during  blank  trials 
in  a  test  chamber  with  a  lever  and  a  loud¬ 
speaker.  Training  is  then  extended  to  all  nine 
frequencies  and  continued  in  a  restraining 
chair,  with  the  tone  being  delivered  through 
earphones.  After  the  completionof  this  train¬ 
ing,  f>.riodic  audiometric  testing  «s  begun  and 
pre-exposure  normative  data  is  gathered 
The  animals  are  usually  ready  for  use  as  sub¬ 
jects  after  about  two  months  of  this  training 
and  testing. 

For  testing,  an  animal  is  placed  into  a 
contoured  seat,  as  shown  in  Figure  2,  and 
restrained  about  the  waist  and  neck  Move¬ 
ment  r'  .IS  hands  and  arms  is  permitted 

y  to  neck  level  by  means  of  wrist  cuffs  and 
coro  so  that  the  helmet  and  earphones  can¬ 
not  oe  reached.  The  chair  is  adjusted  so 
that  the  animal  can  assume  a  comfortable 
position.  The  audio  helmet  is  placed  on  the 
animal’s  head  and  electrode  leads  are  at¬ 
tached  to  its  legs. 

Essentially  two  types  of  trials  are  used 
in  threshold  determination— tone-on  and  tone- 
off.  A  tone-on  consists  of.  (1)  a  visual  ready 


signal  in  the  form  of  a  sudden  reduction  of 
...iibicnt  light  mtensi*v,  (2)  an  interval  of  5 
second  before  the  tone  comes  on,  and  (3)  a 
four- second  tore  presentation,  A  tone-off 
trial  consists  of  the  same  ready  signal  and  a 
“blank”  interval  of  4.5seconds.  The  reduction 
of  the  light  intensity  persists  for  the  duration 
of  all  trials.  Trials  are  terminated  when  a 
response  is  made. 

Prior  to  audiometric  testing,  a  failure  by 
an  animal  to  respond  to  tone  is  punished  by  a 
moderate  shock  at  the  end  of  the  trial  If  it 
makes  a  conditioned  response  within  the  .-ur- 
second  tone  interval,  shock  is  avoided.  The 
animal  is  also  trained  not  to  make  a  re  sponse 
solely  to  light,  i  e  ,  during  the  condition  of  a 
tone- off  trial  nor  during  the  .5  second  pre¬ 
ceding  the  onset  of  tone  in  a  tone-on  trial. 
Responses  to  lignt  are  punished  with  shock. 
An  equal  number  of  tone-on  and  tone-off 
trials  are  randomly  presented.  Performance 
Without  error  for  three  consecutive  days  is 
followed  by  audiogram  testing. 

During  the  audiometric  test,  no  shocks 
are  administered  for  failure  to  press  the 
lever.  It  is  presumed  in  this  case  that  the 
tone  given  is  below  the  animal's  threshold. 
Otherwise  the  same  conditions  and  conse¬ 
quences  prevail  as  during  training.  As  checks 
for  indiscriminate  responding,  tone-offtrials 
are  giver  only  occasionally  during  audio- 
metric  testing  To  keep  the  animal  on  the 
alert,  it  is  shocked  two  or  three  times  for 
non-responses  to  subliminal  tones. 

In  summary  then,  let  us  consider  a  trial 
m  detail  The  experimenter  depresses  a 
button  on  a  control  box  (marked  Ain  Figure 
3),  which  automatically  activates"the  entire 
trial  sequence  through  the  programming 
equipment  shown  in  the  background,  except  for 
the  tone,  which  is  independently  controlled. 
In  the  event  a  tone  is  scheduled  for  a  particu¬ 
lar  irial,  another  button  on  the  audiometer 
(marked  B  m  Figure  3)  is  manually  depressed 
by  the  experimenter  l/2  second  afte’*  the 
trial’s  start,  and  released  either  four  seconds 
later  or  after  a  conditioned  response  is  made 
The  occurrence  of  a  response  is  indicated  by 
a  light  (marsed  C  in  Figure  3)  on  a  control 
panel.  The  data  is  recorded  manually. 

The  trials  are  carried  out  in  the  manner 
of  the  Method  of  Limits.  For  any  particula* 
frequency,  the  trial  sequence  .s  first  begun 
with  an  audible  tone  and  re^uceo  by  steps  o'" 
five  decibels  until  the  animal  faiir  to  r_- 
spond.  The  next  seque.ice  is  given  Ji  the 
ascending  order,  starcing  with  a  tone  whicn 
IS  rot  heard,  until  the  level  is  reached  where 
a  tone  is  heard.  Tv,o  such  trial  sen’s,  one 
descending  and  one  ssccnding,  are  g  ven  and 
averaged  for  a  threshold  estimation.  In  a 
study  just  completed,  comparison  between  a 
two-determination  and  ten-determination 
estimate  of  threshold  indicates  that  the 
thresholds  obtained  are  approximately  equal. 
It  appears  that  the  variation  within  sessions  is 
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very  small.  Therefore,  it  matters  little  if 
the  threshold  estirrateis obtained fromtwoor 
ten  threshold  determinations  The  use  ofthe 
short  method  for  obtaining  thresholds  gives  us 
the  desired  speed  without  sacrificing  reli- 
abihtv 

An  ilxperimental  Test  of  Method 

The  adequacy  of  this  laboratory's  method 
was  tested  with  anoisc-exposed  animal  which 
v/as  a  healthy,  young,  adult,  female  Rhesus 
monkey  witn  no  previous  history  of  experi¬ 
mental  noise  exposure  The  animal  was  given 
one  noise  impulse  of  a  few  milliseconds’ 
duration  and  anmtensityof  approximately  165 
decibels.  Tne  noise  treatment  was  given  in  the 
driver’s  position  of  an  hi48  tank  chassis  on 
which  a  T95  turret  v.ithanXM81,  152mm  gun 
was  mounted. 

The  animal  received  three  days  of  adapta- 
t.on  training  prior  to  exposure.  On  the  first 
day,  it  was  put  into  the  driver's  position  of 
the  tank.  Ten  shots  from  a  cap  pistol  noise- 
maker  were  giventosupposedlyprovide addi¬ 
tional  stress  On  tne  p.iimal  in  this  novel 
situation.  An  audiogram  was  taken  soon 
afterward  in  the  laboratory.  On  the  next 
day,  it  was  ag2,n  put  into  the  vehicle,  where 
tvo  audiograms  were  taken  after  an  adapta¬ 
tion  period  or  te-  minutes.  On  the  last  day 
of  adaptation,  the  animal  was  put  into  the 
vehicle  once  for  two  minutes  and  another 
time  for  30  minutes  and  tested  in  the  labora¬ 
tory  after  each  period. 

Laboratory  audiograms  following  each 
period  of  adaptation  showed  no  abnormal 
t'reshold  change.  Audiograms  taken  inside 
the  vehicle  indicated  that  the  variability  ap¬ 
peared  to  be  within  normal  limits.  However, 
an  apparent  upward  threshold  shift  was 
noted  Apparently,  the  audio  helmet  did  not 
fully  compensate  for  the  ambient  noise  inthe 
venicle  Time  did  not  permit  the  collection 
of  normative  threshold  data  m  the  vehicle 
environment. 

The  complete  audiometric  test,  which  in¬ 
cluded  the  freoucncies  of  125,  25C,  ''00,  2000, 
40U0,  6000,  80C0,  and  12,000  cycles  per  sec- 
onc,  was  taken  in  ten  daily  sessions  prior  to 
noise  exposure  Post-exposure  audiograms 
were  taken  0.17,  0  3,  2  5,  8,  21,  72,  and  120 
hours  from  exposure  time  (See  Figures  4, 
5.  k  6j 

i  '’e  experimental  animal  did  not  seem  to 
ot  e.^ccially  aroused  by  the  noise  treatment. 
'>10  d.hicultics  were  encountered  during  the 
nearing  tests  which  followed  the  shot  The 
time  taken  to  obtain  a  post-exposure  audio- 
gram  tor  all  nine  frequencies  was  about  five 
mir  utes. 

Tne  zero  baseline,  shown  for  the  various 
curves,  in  Figures  4,  5,  and6,  representsthe 
animal's  pre-exposure  mean  bearing  thresh¬ 
old  from  which  changes  in  aud.t^'vv  acuity 
were  measured.  The  shaded  area  ow  the 
baseline  encompassed  all  but  .5  percent  of 


the  values  normally  expected  from  one  test 
audiogram  to  another  Once  these  pre- 
exposure  cv.nfidence  limits  were  set,  the 
post-blast  audiometric  values  which  fell  out¬ 
side  this  confidence  interval  were  considered 
hearing  loss 

The  single  impulse  exposure  seemed  to 
have  little  or  no  effect  for  the  lowest  fre¬ 
quencies,  but  a  shift  in  acuity  for  the  middle 
frequencies  was  demonstrated.  Generally, 
a  slight  hearing  loss  for  the  high  frequencies 
was  obtained  Recovery  was  complete  within 
120  hours. 

The  method  was  found  to  meet  the  re¬ 
quirements  of  testing  speed  and  reliability  of 
measurement  for  determining  both  pre¬ 
exposure  normative  thresholds  as  well  as 
hearing  loss  and  suosequent recovery  thresh¬ 
olds,  The  four  and  one-half  to  five  minutes 
needed  to  take  an  audiogram  of  nine  fre¬ 
quencies  by  the  short  method  described 
approximates  the  time  needed  for  human 
audiometric  recording. 

Problems  of  Hearing  Loss  Research 

The  tasks  set  forth  for  the  present  fiscal 
year  with  Rhesus  monkeys  will  include  the 
establishment  of  some  of  the  quantitative 
relationships  between  auditory  acuity  shifts 
and  noise  parameters  such  as  sound  pres* 
sure  level  in  the  range  of  145to  170  decibels, 
number  of  exposure  rounds  from  1  to  10, 
and  rates  of  fire  of  1  per  minute  and  2  per 
second.  We  will  also  continue  to  study  the 
procedural,  environmental,  and  organismic 
factors  which  contribute  to  variability  in 
tone  detection  during  the  audiometric  test— 
the  acuity  measuring  tool  may  thereby  be 
improved. 

Probably  the  most  efficient  approach 
which  we  can  take  for  the  study  of  hearing 
loss  1$  through  the  analysis  of  individual 
behavior.  An  examination  will  be  n.adu  of 
individual  long-term  trends  ir  stable thresn- 
old  states  alternating  with  transitory  thresh¬ 
old  states  under  repeated  identical  experi¬ 
mental  conditions  The  knowledge  of  the 
stability  of  effects  for  identical  conditions  is 
a  necessary  means  of  interpreting  the  findings 
of  future  noise  exposure  studies. 

A  factor  which  loomed  importantly  incur 
decision  to  primarily  study  individual  animals 
was  tnat  of  individual  differences  in  suscepti¬ 
bility  to  injury  In  view  of  this  differential 
susceptibility,  an  experimental  design wnioe 
tried  in  which  the  subjects  are  equated  -n 
terms  of  the  dependent  variable,  hearing  loss 
The  patterns  of  hearing  behavior  could  thus 
be  studied  for  various  levels  of  susceptibility. 
That  such  an  approach  could  bring  forth  a  test 
for  the  detection  of  individual  susceptibility 
to  hearing  injury  stimulates  the  imagination. 

The  later  direction  of  our  work  must  be 
predicated  largely  on  the  results  of  experi¬ 
ments  which  will  be  accomplished  during  the 
current  fiscal  year. 
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Figure  4.  Thresholds  at  125,  250,  and  500  cps  Frequencies  Following  Exposure  to  1  Sliot  of  Approximately  165  db 
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Figure  6.  Recovery  of  TTS  at  6000,  8000,  and  12000  ops  Frequencies 


B.  AN  EXPERIMENTAL  STUDY  OF  AURAL  DETECTION  OF  RADAR  SIGNALS*  by  Robert  T. 
McCay  and  Jack  Wm  Dunlap,  Dunlap  and  Associates,  Inc.,  Stamford.  Connecticut 


Tne  work  hereindusct  lueJ  wdB  coito«:rn«d 
with  determination  of  the  appropriate  dwell 
time  in  doppler,  ground  surveillance  radars 
for  d'^tecting  personnel  and  vehiculartargets 
Fig.,  re  1  shows  schematically  some  of  the 
caaracteristics  of  an  entirely  hypothetical 
radar  of  this  type.  This  equipment  is  capable 
of  searching  automatically  in  two  dimensions 
range  and  azimuth.  The  primary  display  is 
the  audio  signal  resulting  from  the  movements 
of  any  objects  within  the  gate.  The  gate  is 
bounded  by  the  edges  of  the  beam  and  by  a 
pair  of  arbitrary  time  constants  correspond¬ 
ing  lo  the  bounce-back  times  from  the  near 
and  far  edges  of  the  gate.  Nothing  outside 
this  gate  IS  heard. 

In  search,  the  gate  is  "strobed, '‘or  moved 
in  range,  by  systematically  changing  these, 
time  constants.  Azimuth  changes  in  search' 
are  usually  accomplished  by  traversing  the 
antenna.  Dwell  time  is  the  length  of  time  that 
a  given  piece  of  real  estate  is  within the  gate. 

In  an  operational  context,  there  are 
pressures  both  for  increasing  and  for  de¬ 
creasing  dwell  time  The  pressure  for  de¬ 
creasing  follows  directly  from  the  necessity 

searching  an  area  of  responsibility  as 
rapidly  as  possible  If  we  consider  the 
search  parameters  of  the  hypothetical  radar 
shown  in  Figure  I  we  can  see  that  it  wiU 
require  100  times  the  dwell  time  to  move  the 
gate  the  entire  depth  of  the  sector  of  interest 
from  point  A  to  point  5.  It  will  require  eight 
such  excursions  to  cover  the  entire  sector 
without  overlap.  If  dwell  time  for  this  hypo¬ 
thetical  system  wereone-haU second,  it  would 
take  over  six  minutes  to  cover  the  area  of  in¬ 
terest,  If  things  start  to  break  on  the  battle¬ 
field,  SIX  minutes  could  be  a  long  time  to  leave 
a  portion  of  the  area  of  responsibility  un¬ 
searched.  Thus,  a  great  deal  of  interest  has 
been  aroused  over  the  prospect  of  increasing 
strobe  rate  and,  hence,  decreasing dwelltime. 

The  second  pressure  comes  mto  play  at 
this  point,  however.  As  long  as  the  operator 
must  use  audible  radar  returns  as  his  primary 
source  of  information,  we  are  limited  by  the 
sensing  or  detecting  capabilities  of  the  oper¬ 
ator  in  how  short  dwell  time  may  become. 
This  is  because  aural  returns  must  be  proc- 
e$se<<  f'r.  a  real-time  basis  by  the  operator 
and  cannot  be  stored  for  him,  as  is  possible 
on  d  PPI  scope.  The  question  of  how  long 
duell  time  must  be  in  order  to  maintain 
operator  performance  is  the  focus  of  the 
research  being  reported  here. 

This  work  was  done  lu  three  phases: 
field  work,  stimulus  tape  preparat.on,  and 
labor:  sory  experimentation.  Figure  Z  show# 
a  schematic  of  the  field  work  phase.  This 
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work  was  done  at  Fort  Monmouth,  New  Jersey. 
Recordings  were  made  of  the  returns  from  an 
AN/TPS-25  radar.  Separate  noise  and  signal 
tapes  were  made  arvd  the  stimulus  tapes 
synthesized  in  order  to  be  able  to  exert  more 
cqntrol  over  the  experimental  conditions  than 
would  have  been  possible  with  “live”  record¬ 
ings.  The  noise  used  was  generated  by  an 
area  of  trees  stirred  by  a  breeze  of  five  knots 
or  less.  The  personnel  and  vehicular  signals 
were  tak»  in  an  open  field  which  .lad  been 
selected  for  its  low  background  noise  level. 
Although  many  different  signals  were  re¬ 
corded,  only  one  personnel  target  signal  and 
one  vehicular  target  signal  wore  used  in 
the  subsequent  study. 

Figure  3  shows  a  schematic  of  the 
stimulus  tape  preparation.  The  field  re¬ 
corded  tapes  were  distilled  via  a  process 
of  selective  re-recording  and  editing.  At 
the  same  time,  identification  tones  were  added 
on  the  second  channel  of  the  two  signaltapes 
Although  the  original  recordings  and  the 
ultimate  stimulus  tapes  all  played  at  7-1/2 
inches  per  second,  the  re-recording  and 
program  splicing  was  done  at  15  inches  per 
second  for  two  reasons:  first  to  help  main¬ 
tain  fidelity  and,  second,  to  ease  the  str'^cs 
of  reliably  splicing  short  bits  of  tape.  After 
the  program  splicing,  noise  was  added, 
thereby  completing  the  construction  of  the 
stimulus  tapes 

Figure  4  illustrates  the  organization  of 
the  experimental  sessions.  The  stimulus 
material  was  presented  to  five  subjects 
simultaneously  over  headphones.  The  identi¬ 
fication  tones  triggered  one  channel  of  a  six- 
channel  chart  recorder,  establishing  the  time 
and  type  of  signal.  Subject  responses  were 
attempted  identifications  of  the  targets.  These 
were  registered  via  pushbuttons  on  a  small 
box  in  front  of  the  subject.  An  “Unknown” 
category  was  permitted.  Thus,  a  response 
implied  a  detection,  while  a  correct  response 
also  implied  an  identification.  These  subject 
responses  were  recoraed  on  the  remaining 
five  channels  of  the  chart  recorder,  thereby 
providing  a  permanent  record  of  the  entire 
experimental  session. 

Figure  S  shows  a  tabulationof  the  experi¬ 
mental  conditions  mvestigated.  Eleven  dwell 
times,  or  signal  durations,  were  used.  These 
ranged  from  four  seconds  down  to  about  four 
milliseconds.  Two  signals  were  used:  one 
walking  man  and  one  Jeep  moving  at  a  rate 
of  about  20  miles  per  hour.  These  signals 
were  presented  in  five  different  levels  of 
background  noise.  In  the  very  low-level 
noise  condition,  the  total  signal  power  ex¬ 
ceeded  the  total  noise  power  by  approximately 
10  db,  ihis  situation  was  reversed  for  the 
very  high  noise  condition.  The  other  three 
conditions  were  intermediate. 
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Empirical  probabilities  of  detection  and 
identification  were  calculated  from  the  tabu¬ 
lated  resporses.  Figure  6  shows  detection 
performance  with  the  vehicular  target.  The 
ordinate  of  both  graphs  is  probability  of 
detection  expressed  in  percentage.  The 
abscissa  of  the  left  graph  is  signal  duration, 
wh  ie  that  of  the  right  graph  is  signal  level 
'■elative  to  noise  level.  The  same  data  are 
represented  in  both  graphs,  and  the  abscissa 
of  one  IS  snown  as  parametric  lines  on  the 
other.  The  lines  drawn  at  50,  75  «»*»d 
percent  correspond  to  several  arbitrary 
criteria  which  were  applied  to  the  data. 
Since  detection  is  basically  a  binary  proposi¬ 
tion,  any  performance  level  below  50  percent 
was  considered  to  be  clearly  unsatisfactory. 
Performance  above  the  75  percent  level  was 
considered  to  be  acceptable  and  that  above 
90  percent,  desirable. 

We  can  see  that  lor  vehicular  targets, 
detection  performance  on  the  two  shortest 
durations  was  clearly  unsatisfactory  regard¬ 
less  of  noise  level.  All  durations  longer  than 
one-eighth  second,  or  125  msec.,  showed 
desirable  performance  under  all  noise  condi¬ 
tions  used  The  intermediate  durations 
showed  desirable  or  acceptable  pierformance 
under  some  of  the  noise  conditions. 

Figure  7  presents  identificationperform- 
ance  found  for  vehicular  targets  under  the 
experimental  conditions.  It  can  be  seenthat, 
while  identification  performance  is  quite 
similar  to  detection  performance,  there  is 
more  sloughing  off  at  the  intermediate  dura¬ 
tions.  Only  signals  of  one-half  second  or 
longer  showed  consistently  desirable  per¬ 
formance  across  all  of  the  tested  noise 
conditions.  The  one-eighth  second  f  125  msec.) 
duration  showed  consistently  acceptable  per¬ 
formance  across  all  noise  levels.  It  is 
probable  that  the  range  of  noise  levels  in  the 
present  study  is  representative  ofthemajor- 
ity  of  wind  and  weather  conditions,  excluding 
precipitation,  which  would  be  encountered  in 
the  field.  These  data  suggestthat,  if  attention 
can  be  restricted  to  vehicular  targets,  then 
dwell  times  as  short  as  125  msec,  are  per¬ 
missible  from  the  standpoint  of  operator 
performance.  This  was  the  shortest  signal 
duration  in  this  study  which  showed  both 
consistently  desirable  dctectionperformance 
and  consistently  acceptable  identification 
performance. 

Going  on  nowto  performance  with  person- 
n,.!  t-’.gcts,  we  see  in  Figure Sthal it  is  quite 
<1  different  proposition.  Here  weshowdetec- 
tion  performance  with  one  walking  man  as  the 
target.  It  is  obvious  that  r.o*se  level  is  much 
more  critical  than  with  a  vt'-icular  target. 
With  the  two  nighest  noise  levels  used,  we 
fourd  only  unsatisfactory  performance,  as 
defii  ed  by  our  criterion  of  50  percent  detec¬ 
tions.  The  half-second,  or  500  msec., 
duration  was  the  shortest  which  showed  at 
least  reasonable  performance  at  the  medium 


noise  level,  although  this  fell  short  of  the  75 
percent  criterion  of  acceptability.  Underthe 
most  favorable  noise  condition  tested,  desir¬ 
able  performance  was  fouadforthe  125msec. 
duration,  but  detections  fell  off  sharply  for 
this  duration  at  higher  noise  levels. 

Figure  9  shows  identification  perform¬ 
ance  found  for  the  personnel  target.  These 
data  are  so  similar  to  the  related  detection 
data  that  almost  all  of  the  same  comments 
apply.  The  conclusion  which  one  must  make 
from  data  is  that  it  is  extremely 

hazardous,  from  a  performance  sta  .upoint, 
to  reduce  dwell  time  below  one-half  second 
if  personnel  targets  are  of  interest  and  if 
the  signal  characteristics  of  X-band  radar 
sets  are  to  remain  the  same.  Considering 
the  probable  operational  application  of  ground 
surveillance  radar  equipments,  it  is  almost 
certain  that  the  personnel  target  is  of  interest 
and  IS  very  likely  to  remain  so. 

Two  complete  sets  of  data  were  collected 
for  the  very  low  noise  condition  with  two  dif¬ 
ferent  groups  of  subjects  Figure  10  shows 
detection  performance  in  the  left  graph  and 
identification  performance  in  the  right  graph 
for  these  two  independent  groups  of  subjects. 
The  correspondence  between  these  two  sets 
of  data  is  very  pleasantly  close.  In  fact, 
performance  of  the  two  groups  correlated 
.998.  For  the  group  which  experienced  the 
whole  range  of  experimental  conditions,  first- 
half  performance  yielded  coefficients  of  .981 
for  detections  and  .974  for  identifications. 
These  correlations  indicate  a  remarkable 
stability  in  the  task  and  performance 
measures 

Individual  differences  were  found,  as  one 
might  expect,  but  no  pronounced  subject 
interactions  with  either  target  type  or  noise 
level.  Figure  11  shows  four  graphs  of  indi¬ 
vidual  subject  performance.  The  abscissa  of 
all  graphs  is  noise  level.  The  ordinates  of 
the  two  left  graphs  are  frequency  of  detection, 
while  those  of  the  two  right  graphs  are 
frequency  of  identification.  The  two  upper 
graphs  are  concerned  with  performance  re¬ 
lated  to  vemcular  targets  and  the  two  lower 
graphs,  with  performance  related  to  per¬ 
sonnel  targets. 

It  was  characterist.c  of  the  experimental 
apparatus  that  all  responses  were  recorded, 
whether  or  not  they  correlated  with  a  signal 
presentation.  Those  responses  which  did  not 
correlate  with  signal  occurrences  were  tal¬ 
lied  separately  as  false  alarms  These 
have  been  excluded  from  all  data  presented 
to  this  point.  Tables  1  and  describe  the 
false  alarm  performance  under  the  various 
experimental  conditions.  It  will  be  noted 
that  the  total  number  of  false  alarms  was 
66.  These  occurred  in  50  subject  hours  of 
simulated  radar  listening.  This  is  a  rate  of 
1.32  false  alarms  per  subject  hour,  which 
does  not  appear  to  be  unreasonable  or  exces 
sive.  There  is  quite  an  evident  experience 
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factor  operating  here  as  shown  by  the  right 
marginal  totals  in  the  upper  table.  One-third 
of  the  false  alarms  occurred  on  the  first 
experimental  day,  and  over  half  occurred  m 
the  first  two  days. 

From  the  lower  table,  we  see  evidence  of 
pronounced  individual  differences.  Two  of 
the  Si  bjects,  each  accounted  for  one-third  or 
more  of  the  false  alarms.  It  is  of  interest  that 
these  subjects  were  also  two  of  the  best 
performers  on  detections  and  identifications. 
\Ve  had,  of  course,  tested  all  subjects  for 
normal  hearing  A  comparison  of  the  audio- 
grams  of  these  two  subjects  with  those  ofthe 
others  did  not  show  any  significant  differ¬ 
ences.  There  is  no  ready  explanation  for  the 
apparently  higher  response  rate  of  these  two 
subjects. 

Table  1 

FALSE  ALARMS 

by  Experiment  Day  and  Noise  Level 


Exp 

Low 

Noise 

High 

Dav 

410 

45 

0 

-5 

-Ip 

Total 

1 

7 

15 

22 

2 

5 

7 

12 

3 

2/0 

2 

4 

4 

1 

5 

5 

3 

1 

4 

6 

0 

6 

6 

7 

0 

1 

1 

8 

2/2 

4 

9 

1 

3 

4 

10 

4 

2 

6 

Total 

14 

10 

6 

12 

24 

6b 

Table  2 

FALSE  ALARMS 

by  Subjcc' 

t  and  Noise  Level 

Low 

Noise 

High 

Subiect 

410 

45 

0 

-S 

Total 

1 

2 

1 

0 

0 

2 

5 

2 

2 

5 

4 

3 

8 

22 

3 

0 

0 

1 

2 

2 

5 

4 

3 

0 

0 

0 

2 

5 

5 

7 

4 

1 

7 

10 

29 

Total 

—11. 

6 

12 

24 

66 

Although  it  is  almost  completely  hidden 
sty  the  experience  factor,  there  also  appears 
to  be  a  trend  toward  more  false  alarms  with 
the  higher  noise  levels.  This  would  be  pre¬ 
dicted  by  most  models  of  signal  detection. 

In  review,  then,  the  evidence  gained  by 
this  experimentation  leads  us  to  conclude  that 
dwell  time  should  not  be  decreased  belowone- 
half  second  for  the  detection  of  personnel 
targets,  but  dwell  times  as  short  as  one- 


eighth  second  are  probably  qu.te  acceptable 
for  vehicular  targets.  Let  us  explore  the 
practical  implications  of  these  conclusions. 
The  operational  problem  which  started  all 
this  was  the  question  of  how  to  improve  the 
efficiency  of  automatic  search  with  ground 
surveillance  radars  using  a  doppler-based 
aural  display  for  detection.  There  are  a 
variety  of  possibilities,  some  including 
changes  in  dwell  time  and  some  not,  others 
involving  operational  strategy  alone,  some 
involving  equipment  modifications  alone  and 
various  combinations  involving  all  of  tnese. 

One  possibility  is  to  generally  ignore 
personnel  targets  while  in  automatic  search, 
thus  allowing  a  shorter  dwell  time  for  faster 
general  coverage.  Personnel  targets  might 
be  picked  up  accidentally.  However,  manual 
search  would  usually  be  conducted  of  areas 
where  the  detection  of  personnel  targets  was 
important.  A  direct  reversal  of  this  solution 
would  be  to  maintain  dwell  time  at  a  level 
where  there  is  a  reasonable  probability  of 
detecting  personnel  targets  and  restrictmg 
assigned  areas  of  responsibility  to  those 
which  can  be  searched withinanoperationally 
determined  optimum  time  period.  This  prob¬ 
ably  implies  that  more  equipment  would  be 
needed  than  is  currently  thought  necessary, 
since  these  areas  of  optimum  search  time 
may  not  correspond  well  with  maximum 
ranges  and  unit  responsibility  sectors. 

Another  possibility  is  that  circuitry 
changes  can  be  made  m  the  audio  portion  of 
the  equipments  which  will  enhance  the  detect* 
ability  of  the  personneltarget.  Thisapproach 
18  being  followed  in  a  continuation  ofthe  work 
reported  here.  The  current  approach  is  a 
linear  frequency  addition  to  the  aural  signal 
intended  to  bring  the  signal  frequencies  from 
X-band  sets  into  closer  alignment  with  the 
more  sensitive  portions  of  the  human  ear. 
Other  approaches,  such  as  selective  filtration 
are  also  possible  and  should  be  explored. 

A  substantial  portion  of  most  areas  of 
assignment  may  be  expected  to  be  shadowed 
from  the  radar  and  could  not  be  a  source  of 
detectable  targets.  If  these  areas  could  be 
sensed  and  the  search  pattern  programmed  to 
skip  over  them,  a  considerable  saving  in 
search  time  would  be  realized  in  most  opera¬ 
tional  situations.  This,  however,  implies  a 
great  deal  of  equipment  sophistication,  if  it 
were  to  be  done  automatically,  and  perhaps 
an  inordinate  amount  of  time  if  the  shadows 
had  to  be  surveyed  manually  and  then  set  into 
the  equipment. 

Most,  if  not  all,  ground  surveillance 
radars  are  capable  of  detecting  vehicles  at 
significantly  greater  ranges  than  personnel. 
If  a  slow  strobe  and  hence  longer  dwell  time 
were  used  within  the  maximum  range  for 
personnel,  and  a  faster  strobe  were  auto¬ 
matically  switched  in  beyond  that  point,  then 
a  saving  in  search  time  should  be  realized 
without  decreasing  the  probability  of  detecting 
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personnel.  With  this  ability  to  change  dwell 
time  in  the  equipment,  it  might  also  be 
desirable  to  allow  a  choice  to  be  made  by 
the  operator  to  correspond  with  the  specific 
tactical  mission. 

Dwell  time  can  also  be  changed  by  varying 
the  gate  size  as  well  as  by  varying  strobe 
rate  In  order  to  maintain  a  long  dwell 
time  and  still  increase  search  speed,  a  large 
gate,  or  even  the  entire  range  could  be  dis- 
pla>ed  for  search,  and  then  a  smaller  gate 


switched  in  for  target  location  and  identifica¬ 
tion.  To  some  extent,  this  is  already  possible 
in  sets  with  a  choice  of  beam  widths,  but  a 
choice  of  gate  depths  should  also  be  possible 
and  might  be  quite  beneficial. 

In  conclusion,  then,  let  me  say  that  there 
certainly  are  improvements  which  can  be 
made  in  search  speed.  But  care  must  be 
taken  to  assure  that  making  these  improve¬ 
ments  does  not  lessen  the  probability  of  de¬ 
tection  or  identification  of  important  targets. 
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Search  Area: 

Beam  Width  %  8 


Gate  Size. 

Beam  Width  x  i/100 
Sector  Depth 


Figure  1.  Hypothetical  Ground  Surveillance  Badar  Search  Pattern 


Vehicular  Signal 


Figure  2.  Schematic  of  the  Field  Work 
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Figure  3.  Stimulus  Tape  Preparation 
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Figure  4.  Schematic  of  the  Laboratory  Experimentation 


Dwell  Time 
(msec  ) 

Target  Type 

Noise  Level 

Qualitative  Approx.  S/N  (db) 

4000 

Personnel 

Very  low 

+10 

2000 

Vehicular 

Low 

+  5 

1000 

Medium 

0 

500 

High 

-  5 

250 

125 

62.5 

31.  3 

15.6 

7.8 

3.9 

Very  high 

-10 

Figure  5.  E>cperimental  Conditions 
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PROBABILITY  OF  IDENTIFICATION  PROBABILITY  OF  DETECTION 


AS  A  FUNCTION  OF  DURATION 


AS  A  FUNCTION  OF  NOISE 


Figure  6.  Probability  of  Detcctioa  of  Vehicular  Targeta 


AS  A  FUNCTION  OF  DURATION 


AS  A  FUNCTION  OF  NOISE 


Figure  7,  Probability  of  Heatifacation  of  Vehicular  Target* 
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Figure  8.  Probability  of  Detection  of  Personnel  Targets 


AS  A  FUNCTION  OF  DURATION  AS  A  FUNCTION  OF  NOISE 


Figure  9«  Probability  of  Identification  of  Personxirl  Targets 


SI6NAL  DURATION  IN  MSEC  SIGNAL  DURATION  «  MSEC. 

SIGNAL  AP'^^OXIMATELY  lOdb  ABOVE  NOISE 


Figure  10.  Performance  of  Two  Groups  of  Subjects  Under  Identical  Conditions 
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PARAMETERS-  INDIVIDUAL  SUBJECTS 


Figure  11.  Individual  Subject  Performance  as  a  Function  of  Noise 
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C  NOISE  AND  WEAPON  SYSTEMSbyRayDonley,  U3  Army  Human  Engineering  Laboratories, 
Aberdeen  Proving  Ground,  Maryland 


Noise  :ontrol  in  weapon  systems  for  the 
modern  Army  is  admittedly  a  difficult  prob¬ 
lem  However,  this  problem  can  be  solved. 
The  conflict  between  hght-wcight  equipment 
witn  .ts  greater  radiated  power  from  panels 
and  irom  engines,  and  the  tools  of  noise 
ccrtrol  has,  in  the  past,  created  very  serious 
problems  In  the  future  these  problems  will 
become  worse  However,  effective  noise 
control  may  be  performed  on  the  systems  if 
one  IS  willing  to  look  at  each  weapon  system 
individually.  Indeed,  complex  noise  control 
problems,  such  as  are  encounter  id  ir  missile 
weapon  svstems,  are  best  handled  vith  re¬ 
spect  to  the  entire  weapon  system.  Noise 
control  is  basically  a  system  problem, 
whether  working  with  a  complex  problem 
or  an  elementary  problem. 

Briefly,  a  system,  in  noise  control  is 
divided  into  three  parts  the  source,  the 
path,  and  the  receiver.  Some  of  the  more 
common  sources  may  be  rotating  components 
such  as  gears,  bearings,  fan  blades  or  a 
scries  of  repeated  impact  noises,  such  as 
the  sprocket  engaging  the  track  in  driving 
track-laying  ve’-^^cles. 

The  path  is  the  medium  by  which  the 
sound  energy  is  transferred  from  the  noise 
source  to  the  receiver  Sound  may  be  trans¬ 
mitted  through  air,  through  structures  such 
as  building  walls  or  machinery  supports,  or 
through  a  combination  of  the  two.  Ir.  general 
most  paths  are  a  combination  of  str  .ctural 
borne  and  airborne  ncise,  each  having  com¬ 
pletely  different  transmission  characteris¬ 
tics. 

The  receiver  is  either  man  or  a  piece 
of  equipment,  Man’s  reaetions  to  noise  are 
generally  statistical  concepts  which  vary 
either  with  his  task  or  with  his psychological 
or  p.hysiological  characteristics  at  a  given 
time. 

Another  point  which  is  important  is  that 
noise  control  is  not  necessarily  synonymous 
with  noise  reduction.  It  is  quite  true  that 
most  noise  control  problems  do  require 
some  sort  of  noise  reduction.  However,  some 
noise  control  problems  are  solved  by  chang¬ 
ing  the  shape  of  the  noise  spectrum.  Many 
annovance  problems  are  solved  by  spectrum 
changes.  Occasionally,  one  needs  to  add 
noise.  An  example  of  this  is  in  telejmonc 
bcotl  ..  which  the  fans  have  been  made 
•■-fXiciei.lly  noisy  to  mask  the  noise  from 
vutside  the  booth  and  to  the  speech  from 
nearby  phone  booths. 

The  u.timate  goal  of  noise  control  is  to 
achieve  a  specific  environment  at  the ’’lowest 
total  etxective  cost”,  The  phrase  ’’lowsst 
total  ci'e»*iv<'  cost”  includes  the  direct  cost 
of  noise  control  and  the  indirect  costs  of 
operational  restrictions  and  system  limita¬ 
tions.  Indirect  costs  in  a  military  system 


include  any  cost  which  results  from  a  change 
in  the  dtsircd  use  of  the  system,  restrictions 
on  operating  time,  addition  of  men  or  equip¬ 
ment,  or  adverse  community  reaction.  Op¬ 
erational  restrictions  are  the  most  insidious 
contributors  to  the  total  effective  cost.  An 
operational  restriction  to  protect  personnel 
from  deafness  may  require  more  men  This 
means  a  changt  in  the  Table  of  Organization 
and  Equipment  c.nd  more  vehicles.  In  addi¬ 
tion,  this  means  the  men  must  be  fed,  clothed 
and  housed.  The  additional  vehicles  require 
fuel  and  maintenance.  The  cost  ofaddingone 
or  more  men  to  a  mobile  weapon  system  is 
frequently  more  expensive  than  the  direct 
cost  of  conventional  nOiSe  control. 

The  specific  noise  environments  required 
m  a  given  military  situation  are 

(Ij  freedom  froni  permanent  hearing  loss 

(2)  freedom  fromtemporaryhearingloss 

(3)  freedom  from  annoyance 

(4)  freedom  from  speech  interference 

(5)  freedom  from  identification 

(6)  freedom  from  detection 

(7)  freedom  from  adverse  community 
reaction 

Generally,  the  most  imperative  requirement 
in  any  military  situation  is  freedom  from 
permanent  hearing  loss.  Since  the  noise 
levels  permitted  for  safety  .'re  above  the 
levels  which  create  annoyance  or  speech 
interference,  noise  levels  to  preclude  hearing 
damage  are  the  easiest  to  achieve. 

Of  course,  one  must  look  intc  the  possible 
restrictions  on  how  one  nnay  achieve  a  mili¬ 
tary  environment  of  the  proper  character¬ 
istics.  From  the  requirements  established 
before  the  system  is  designed,  wemayobtain 
the  military  characteristics.  The  MC’s  spec¬ 
ify  the  tactical  use,  the  training  use,  and  the 
limits  on  Size,  weight  and  bulk.  These  limita¬ 
tions  are  frequently  indirect  but  may  be  in¬ 
ferred  by  size  limitations  Or  weight  limita¬ 
tions  imposed  for  air  transportability.  The 
military  characteristics  also  give  a  limitation 
on  procedures.  This,  again,  is  a  somewhat 
indirect^  limitation,  it  is  generally  not  speci¬ 
fied.  However,  these  limitations  may  be 
irisrred  frc.'  the  military  rharactenstics 
from  a  desired  or  maximum  reaction  time. 
Obviously,  extending  the  countdown  time  or 
time  to  emplace  a  weapon  is  undesirable. 

The  possible  methods  of  control  must  be 
cheap,  reliable,  and  simple.  ICoisc  control 
methcKls  also  cannot  be  subject  to  variations 
by  temnerature,  since  wc  deal  with  tempera¬ 
tures  from  -65*  to  4125’,  humidity,  as  we 
deal  with  humidities  from  0%  in  the  desert  to 
lOOy*  in  the  jungle;  vibration,  since  they  must 
be  carried  on  track-laying  equipment;  blast, 
since  many  pieces  of  equipment  are  in  the 
direct  blast  of  a  rocket  taking  off,  or  me¬ 
chanical  abuse,  including  field  modifications. 


Additionally,  noise  control  nr ethods  may  not 
be  unhygienic.  This  is  particularly  important 
in  developing  mouthpiece  noise  shields  used 
for  protecting  microphones  from  extraneous 
noise  Within  the  Army,  policy  dictates  that 
each  piece  of  equipment belongstothe partic¬ 
ular  system  rather  than  to  the  individual. 
This  .neans  that  one  may  not  consider  methods 
of  no.se  control  which  would  create  any  health 
problem.  Noise  control  procedures  also  must 
not  be  distasteful  or  complicated.  An  example 
of  the  simplicity  required  in  noise  control 
methods  was  noted  recently  in  a  system  in 
whicn,  until  adequate  noise  reduction  could  be 
provided,  tne  soldiers  were  required  to  wear 
a  typicel  earmuff  temporarily.  The  local 
commander  nad  issued  an  order  for  the  men 
to  wear  blocUed  fatigue  caps.  Blocked  fatigue 
caps  are  somewhat  fragile  and  break  when 
the  earmuff  headband  is  placed  over  the  cap. 
The  men,  in  an  obvious  effort  to  please  both 
the  local  commander  and  comply  with  the 
requirement  to  wear  earmuffs,  developed  a 
somewhat  novel  solution.  They  placed  the 
headband  of  the  earmuff  behind  their  ears 
without  placing  the  ear  inside  the  mulf 
which  completely  nullified  any  favorable 
attentuation  characteristics  gained  by  using 
the  earmufi  So,  with  these  particular 
restrictions,  what  are  the  possible  solutions’’ 

First,  ue  may  change  the  source  by  ob¬ 
taining  different,  quieter,  equipment.  This  is 
generally  the  most  expensive  method  of  noise 
control.  However,  itisalsothemostreliable. 
The  changes  which  may  be  considered  are 
restricted,  too.  In  many  cases,  the  equipment 
design  has  exceeded  the  so-  called  "state  of  the 
art"  in  an  attempt  to  obtain  the  maximum 
power  output  lor  the  minimum  weight.  The 
methods  by  which  the  desired  characteristics 
are  obtained  are  generally  to  take  an  under¬ 
sized  piece  of  equipment  and  literally  **hot 
rod"  It.  This  leaves  little  or  nothing  m  the 
way  of  characteristics  which  may  be  modified 
in  the  partici.2ar  noist  source.  Inmany cases 
obtaining  an  alternate  piece  of  equipment  re¬ 
quires  an  excessive  amount  c£  time.  Alter¬ 
nate  types  of,  say  perhaps  generation  equip¬ 
ment,  must  also  be  checked  for  their  weight 
and  affect  on  the  system.  So,  in  summary,  to 
change  the  source  we  r.iay  either  redesign  the 
piece  of  equipment,  obtain  a  new  source  of  the 
same  general  class  of  equipment,  or  change 
the  type  of  equipment. 

Most  modifications  for  noise  control  are 
mcdii.cations  to  the  path.  These  changes  are 
con^'entional  and  commonly  include  inclo¬ 
sures,  panel  damping,  mufflers,  vibration 
isolation,  and  redirection  of  airflow. 

To  obtain  the  lowest  total  effective  cost 
It  rru-y  be  wise  to  offer  ear  protection  thus 
changing  the  receiver.  Another  method  is  to 
use  a  change  in  schedules  or  the  operating 
time  to  which  a  mac  is  exposed  to  a  g»ven 
noise  source.  Of  course,  there  is  another 


method  which  n.ay  be  used  Thatisto  elimi¬ 
nate  the  job,  such  ls  to  buy  some  sort  of 
automatic  control  or  perhaps  to  the 

equipment  in  such  a  way  that  the  man  is  not 
required  to  be  near  the  noise  source.  In 
general,  the  best  solution  is  a  combination  of 
all  three  methods  of  noise  control  changes 
to  the  source,  changes  to  the  path,  and  changes 
to  the  receiver. 

However,  let  us  look  at  a  specific  set  of 
system  procedures  which  may  be  used  for 
effective  noise  control.  First,  one  must  ana¬ 
lyze  the  job  of  every  man  to  yield  the  p.oper 
environment  for.  communications  require¬ 
ments,  the  effects  of  annoyance  on  efficiency 
for  the  job,  and  the  expected  exposure  pattern 
with  respect  to  time  and  sound  pressure 
level.  Next,  one  must  verify  how  the  equip¬ 
ment  IS  to  be  used  inreferencetoits  location 
with  relation  to  other  components  and  how 
long  the  equipment  can  operate.  The  methods 
for  obtaining  this  information  are  frequently 
indirect  and  must  be  deduced.  An  example 
might  be  relating  fuel  consumption  rates  with 
fuel  tank  size.  This  effectively  restricts  the 
operating  time  of  a  piece  of  equipment. 
Another  method  is  to  check  cable  lengths. 
There  are  only  a  limited  number  of  ways  in 
which  equipment  may  be  placed  if  they  must 
be  interconnected  by  a  number  of  cables  of  a 
given  length.  Another  aspect  of  equipment 
usage  IS  in  its  tac'.eal  rise— is  identif.cation 
critical’  We  usually  separate  idenlifieation 
from  detection.  Identification,  f5r  our  pur¬ 
poses,  generally  refers  to  the  noise  charac¬ 
teristics  which  allowa  specific  piece  of  equip¬ 
ment  to  be  identified  as  that  specific  piece  of 
equipment  belonging  to  a  given  weapon  sys¬ 
tem.  Detection  IS  still  the  simple  problem  of 
how  far  away  can  we  perceive  that  there  is 
some  sort  of  noise.  Both  of  these  considera¬ 
tions  are  quite  important.  However,  inmany 
respects  identification  astoa  specific  weapon 
system  is  the  more  important  of  the  two  con¬ 
siderations.  Another  thing  which  must  be 
checked  in  equipment  usage  is  wnat  sort  of 
abuse  to  the  equipment  can  be  expected.  By 
abuse  we  do  not  generally  refer  to  it  as  what 
can  be  considered  as  malicious  damage. 
Abuse  to  pieces  of  equipment  can  be  simply 
defined  as  to  what  happens  when  the  equip¬ 
ment  IS  air-dropped,  is  there  a  deleterious 
effect  on  the  equipment  from  missile  blast 
during  takeoff,  is  the  equipment  well-designed 
Such  that  there  should  be  no  field  modifica¬ 
tions,  IS  the  equipmentto  be  carried  ontrack- 
laying  vehicles,  will  it  be  subj'ectedtounosual 
vibration,  is  it  a  piece  of  equipment  which  will 
be  operated  in  rain,  snow,  mud,  or  any  of  the 
many  unusual  environments  to  which  military 
equipment  is  normally  exposed.  The  third 
aspect  of  a  system  noise  control  procedure  is 
to  measure  the  noise  of  each  component.  It 
must  be  measured  for  prediction  purposes, 
obviously,  and  to  locate  those  particular 
problem  areas  which  can  exist  in  a  given 
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system.  It  also  must  be  measured  for  cor¬ 
rective  action,  and  in  this  particular  respect 
the  more  detailed  the  information  the  better 
one’s  chances  of  not  being  forced  into  mea¬ 
suring  the  equipment  noise  again  later.  It 
IS  best  to  measure  noise  levels  by  one-third 
octave  bands  vhich  allow  identification  of 
specific  problem  areas.  From  these  one- 
octave  bands  we  can  easily  calculate  the 
octave  bands  in  order  to  evaluate  damage- 
risk  speech  interference  and  an-ioyance.  If 
the  major  source  consists  of  manv  small 
sources  inclosed  within  a  box,  it  is  a  good 
idea  to  use  constant  sound  pressure  contours 
to  identiiy  the  specific  location  of  air  leaks 
and  their  particular  frequency  range  The 
fourth  step  in  the  systems  analysis  ofanoisc 
problem  is  to  examine  tne  military  charac¬ 
teristics  for  limitations  on  time,  physical 
limits,  and  proposed  usage,  then  examine,  for 
the  fifth  part,  the  path  change  methods  for 
controlling  noise  with  respect  to  how  much 
may  be  obtained  practically  at  the  lowest  cost 
with  the  least  schedule  interference  and  within 
the  limitations  of  the  military  characteristics 
examined  in  part  four.  Schedule  interference 
IS  a  rather  unusual  problem.  Unless  the 
problem  is  particularly  pressing,  there  is  a 
natural  reluctance  on  the  part  of  the  manu¬ 
facturer  to  redesign  or  change  pieces  of 
equipment  which  are  scheduled  for  produc- 
tior.  This  does  not  necessarily  mean  that 
he  is  not  .nterestec  in  noise  control,  however, 
he  may  have  certain  otherobjectivestoattam 
before  he  can  consider  noise  control  prob¬ 
lems  Some  of  these  are  that  he  has  produc¬ 
tion  dates  to  meet.  There  is  a  time  limit 
which  has  been  placed  upon  him  for  producing 
«  given  piece  of  cnuipmcnt  He  also  must 
make  the  equipment  work.  It  is  quite  easy 
to  forget  that  the  manufacturers,  too,  have  a 
serious  problem  in  making  a  piece  of  equip¬ 
ment  that  not  only  works  but  which  may  be 
worKed  by  the  man.  The  sixth  step  is  to  com¬ 
pare  the  reductions  with  a  criterion  for  the 
particular  environment.  The  criterion  for  a 
given  environment  is  obtained  from  a  con¬ 
sideration  of  the  previous  five  portions  of  the 
system  noise  control  evaluation.  If  the  man 
has  a  stringent  communication  requirement, 
tnis  can  be  the  highest  allowable  noise  level. 
If  the  man  has  a  job  m  which  annoyance  could 
affect  his  efficiency,  then  this  will  establish 
the  upper  limitc  of  the  allowable  noise  of  a 
given  component  of  tha  system.  In  this  it  is 
preu<T..ed  first  that  one  can  eliminate 
carnage- «i$k.  The  final  environment  must  be 
selected  by  a  function  of  "trade  offs".  In 
many  cases,  one  may  work  to  some  sort  of 
damage  criterion  and  increase  the  efficiency 
of  a  comrr.unication  system  so  that  the  reduc¬ 
tions  are  feasible  and  relatively  inexpensive, 
not  o-.y  xn  time  but  in  effort  and  possess  the 
possibility  of  working  correctly.  If  the  ex¬ 
pected  reductions  are  inadequate,  one  can 
then  also  examine  changes  to  the  source  or 


to  the  receiver.  As  pointed  out  before,  the 
lowest  total  effective  cost  i«  then  achieved  b/ 
a  series  of  trade-offs,  of  what  can  be  done  to 
the  system,  what  must  be  done  to  the  system, 
and  what  is  desirable  for  the  system  wxthlhe 
ultimate  goal  of  achieving  the  proper  environ¬ 
ment  for  the  man  at  the  least  total  effective 
cost. 

To  illustrate  an  application  of  the  proce¬ 
dures  and  principals  which  have  been  dis¬ 
cussed,  J  am  going  to  spend  a  few  minutes 
discussing  the  Pershing  Power  5“  jtion 
(Figure  1). 

Normally  this  piec^  of  equipment  is 
carried  on  the  same  track  laying  vehicle  as 
the  programmer  test  stat.on.  It  supplies  the 
weapon  system  with  electric  power,  con¬ 
ditioned  atr,  and  high  pressure  air. 

When  the  first  unit  arrived  at  Aberdeen 
for  road-test  we  conducted  a  noise  analysis. 
Results  of  the  analysis  showed  that  operating 
personnel  were  subject  to  hearing  damage. 
As  a  result  of  this  test  and  subsequent  tests 
by  the  contractor,  several  changes  were 
made  to  the  Power  station.  These  included 
redesign  of  the  air-conditioner.  which  was  a 
major  source  of  noise,  redirectmgtheflowof 
air  by  placing  both  the  gas  turbine  and  cooling 
air  inlets  and  outlets  on  top  of  the  pack,  in¬ 
creased  insulation  on  the  side  panels  to 
further  attenuate  the  sound  being  transmitted 
through  the  panels  and  several  other  design 
changes. 

Figure  2  depicts  th^  sound  pressure  level 
at  the  position  of  the  Power  Stationoperator. 
You  will  note  that  prior  to  modification  the 
sound  level  at  this  position  exceeded  90 
decibel  at  all  frequencies  above  90  cycle  per 
seconds  with  a  few  pure  tones  going  as  high 
as  120  decibels.  The  previously  mentioned 
modifications  resulted  in  a  dramatic  decrease 
in  sound  level  at  this  operating  position. 
Figures  3  through  5  demonstrate  how  the 
sound  level  was  not  only  lowered  but  the 
sound  field  was  modified.  The  contour  lines 
are  constant  pressure  lines.  The  power 
station  mounted  on  a  track  laying  vehicle  is 
shown  at  upper  center  in  each  figure. 

Figure  3  shows  the  sound  field  around  the 
unmodified  power  station  in  the  75  -  150 
cycle  per  second  frequency  band.  After 
modification  the  sound  field  shifted  and 
changed  in  intensity  for  this  frequency  band  as 

shown  in  Figure  4. 

Earlier  in  the  discussion,  knowledge  of  the 
system  was  mentioned  as  being  important 

In  the  previous  figure  we  bad  106  and  107 
DB  in  some  areas  where  an  operator  had  to 
stand,  now  that  noise  level  no  longer  exists  m 
those  areas,  however  we  now  have  126  DB  m 
other  areas  but  nobody  has  any  reason  to  be 
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in  those  areas.  Therefore,  the  noise  is  of 
lesser  importance 

f  igure  5  depicts  the  noise  level  in  2400  - 
4800  cps  frequency  band  before  modification. 
In  this  same  frequency  band,  noise  levels 
have  dropped  off  considerably  following  modi¬ 
fication  (Figure  6). 


Figure  7  depicts  the  noise  level  in  the 
1800  •  lO,0C0  cps  frequency  band  before  modi¬ 
fication.  Some  of  the  noises  on  this  figure 
and  on  the  previous  figures  will  cause  hearing 
loss.  Here  again  the  modifications  reduced 
the  noise  level  considerably  shown  in 
figure  8. 
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Figure  4»  Sound  Levels  After  Modification 


Figure  5,  Sound  Level*  Prior  to  Moc'iUcation  of  the  P£RSHiNG 
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Figure  7.  Sound  Level*  Prior  to  Modification  of  the  PERSHING 


D.  BASIC  RESEARCH  IN  HEARING  APPLIED  TO  FIELD  PROBLEMS  by  Maj.  John  L. 
Fletcher,  MSC,  U  S.  Army  Medical  Researc.i  Laboratory.  Fort  Knox,  Kentucky 


Basic  research  in  audition  performed  at 
USAMRL  includes  research  relating  noise 
exposure  tohearingloss,  studiestodetermine 
the  susceptibility  cf  individuals  to  trauma 
fronr  different  types  of  acoustic  exposure, 
psycho- physical  studies,  and  investigations  of 
the  ability  of  humans  to  detect  various  types 
of  signals  fe  prolonged  periods  eftimev/hile 
simultaneous  exposed  to  variouc  physical 
stimuli.  The  latter  type  study  is  frequently 
referred  to  as  vigilance  research. 

Facilities  for  the  above  research  include 
an  anechoic  or  echoless  chamber,  several 
sound  treated  rooms,  and  a  mobile  sound 
laboratory  built  into  a  26  ft.  trailer.  This 
unit  has  its  own  10  KW  power  source  and  is 
provided  with  both  heating  and  cooling  sys¬ 
tems.  It  can  be  towed  to  a  field  location  and 
be  used  as  a  completely  independent  labora¬ 
tory  there.  Present  personnel  include  two 
Ph.  D.  level  researchers  and  three  techni¬ 
cian  assistants.  We  also  have  partial  use  of 
facilities  and  personnel  of  the  Complex  Proc¬ 
esses  Branch  (one  Ph,  D.  andtwotechmcians) 
and,  on  contract,  of  the  Psychology  Depart¬ 
ment,  University  of  Louisville. 

An  immediate  application  of  our  research 
relating  noise  exposure  and  hearing  loss  is 
that  of  providing  suggestions  useful  in  the 
establishment  of  hearing  conservation  pro¬ 
grams.  The  Post  Surgeon  and  Chief  of  Pre¬ 
ventive  Medicine,  Fort  Knox,  have  recently 
initiated  such  a  program  within  the  training 
command  at  Fort  Knox,  Our  contributions  to 
the  program  will  include  consultation  regard¬ 
ing  the  appropriate  protective  devices,  help 
in  the  indoctrination  of  personnel  concerned 
with  the  program,  suggestions  regarding  the 
conduct  of  the  program,  and  the  monitoring 
of  tne  hearing  of  those  included  in  the  pro¬ 
gram.  In  conjunction  with  the  above  efforts 
we  have,  from  time  to  time,  been  involved  in 
the  testing  of  various  ear  protective  devices 
with  respect  to  specific  aspects  of  suitability 
and  usefulness. 

Another  basic  physiological  problem  in¬ 
vestigated  by  our  laboratory  has  been  t.iat  of 
the  operational  characteristics  of  acoustic 
reflex  action.  As  yc,.  perhaps  know,  mside 
the  middle  ear  there  is  a  series  of  small 
bones,  the  malleus  or  mallet,  incus  or  anvil 
and  stapes  or  stirrup.  These  bones  together 
const’*-;e  the  ossicular  chain,  iheossicular 
cnain  serves  to  connect  the  outside  physical 
stimulus  world  of  sound  with  its  physical 
stimuli  of  sound  waves  to  the  inside  ear, 
thence  to  the  brain.  Air  conducted  sound  is 
faithfully  transmitted  by  the  ossiclcsthrough 
the  middle  ear  to  the  inner  ear.  Attached  to 
the  ovsicles  are  two  muscles,  the  stapedius 
and  tensor  tympani.  When  stimulated  by  a 
sufficiently  loud  sound  these  muscles  contract 
and  act  to  reduce  the  transmission  of  sound 


through  the  middle  ear  by  rotating  the 
ossicular  chain  out  of  its  usual  mode  of 
operation  and  essentially  locking  it  in  p^ace. 
Normally,  the  AR,  then,  serves  to  protect  us 
trom  loud  sounds.  However,  the  neural 
latency,  or  lag  time  between  stimulation  and 
muscle  contraction  is  so  long,  at  least  9 
milli  sec.  -that  some  sounds  are  already 
transmitted  through  the  ear  before  the  re¬ 
flex  can  respond.  Gunfire,  for  examp-e,  has 
a  rise  time  (time  from  0  ♦©  peak  SPL)  of 
less  than  500  micro  sec.  -or  1/2  of  a  milll 
sec.  So  the  reflex,  for  gunfire,  only  locks 
the  barn  door  after  the  norse  is  gone.  But, 
if  there  was  advance  knowledge  of  when  the 
impulse  sound  was  to  occur  we  could  elicit 
the  reflex  m  rdvance  of  the  sound  and  protect 
the  ear  by  its  usual  physiological  protective 
mechanism.  So  we  tried  stimulating  people 
with  gunfire  and  seeing  how  much  reduction 
of  TTS  the  AR  provided.  This  was  done  by 
stimulating  the  reflex  in  adi'ance  of  the  gun¬ 
fire  and  comparing  TTS  with  that  observed 
when  they  were  not  so  stimulated  prior  to 
exposure.  We  found  that  it  provided  signifi¬ 
cant  protection  (see  Figure  1).  The  next  step 
was  to  compare  it  with  conventional  ear  pro¬ 
tective  devices.  We  did  so  and  found  it  did 
quite  well  -  as  well  as  having  the  advantage 
of  being  used  only  when  necessary  and  not 
needing  fitting,  not  interfering  with  coxrmu- 
mcations,  or  requiring  supervision  in  wear¬ 
ing  (see  Figure  2).  We  then  went  about  de¬ 
termining  ways  It  could  be  improved,  once 
having  established  its  usefulness  and  feasi¬ 
bility.  Our  research  indicated  the  optimal 
stimulus  for  eliciting  AR  action  was  a  series 
of  clicks.  Using  clicks  we  found  we  could 
prolong  contraction  so  that  some  reflex  pro¬ 
tection  could  be  observed  for  exposure  to 
continuous  noise  where  formerly  it  could  be 
shown  only  for  impulse  noise. 

Based  on  the  research  cited  above,  a 
device  was  constructed,  tested,  *ind  t>  ven  a 
field  evaluation  to  determine  suitability  for 
operational  use.  It  was  found  to  do  in  field 
use  as  it  had  been  observed  to  perform  in  the 
laboratory.  Additionally,  interposing  the  AR 
device  into  the  combat  vehicle  system  in  no 
way  interfered  with  communications  or  with 
gunnery.  The  reflex  protective  device  de¬ 
scribed  above  is  now  in  the  process  of  final 
electronics  consideration  and,  hopefully,  for 
a  complete  CONARC  field  test. 

As  consultants,  we  have  par*icipated  in 
the  solution  of  many  applied  problems.  A 
recent  one  was  here  at  Fort  Benmng.  A  re¬ 
quirement  was  made  of  the  Weapons  Depart¬ 
ment,  USaIS,  for  the  development  of  a  range 
for  the  Guard  and  Reserve  Components.  The 
prototype  design  was  such  that  exposure  of 
those  firing  was  in  excess  of  that  normally 
incurred  on  conventional  ranges.  Attack  on 
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the  problem  was  diversified  to  include  both 
redesign  of  the  range  to  quiet  it  and  prescrip¬ 
tion  of  appropriate  ear  protecuve  devices  for 
those  firing  on  the  range.  Table  I  presents 
the  results  of  the  redesign  and  quieting ofthe 
prototype  range.  When  you  consider  the  costs 
and  difficulties  associated  with  quieting,  ac¬ 
complishment  of  this  magnitude  of  reduction 
tne  estimated  $125  cost  of  this  operation 
was  most  reasonable. 

Another  merger  of  basic  research  and 
field  needs  is  illustrated  in  one  of  our  recent 
studies.  Basically,  the  purpose  of  the  study 
was  to  examine  various  ways  of  testing  the 
efficiency  of  ear  protective  devices.  During 
the  course  of  the  experiment  a  rather  thor¬ 
ough  evaluation  was  madeofthe effectiveness 
of  three  different  ear  protective  devices,  two 
plugs  and  the  CVC  helmet.  Efficiency  of  the 
devices  was  tested  not  only  for  pure  tones, 
the  usual  standard,  but  also  when  used  in 
continuous  noise,  such  as  engine  noise,  and 
when  used  against  gunfire  or  impulse  sound. 
This  was  coiaidered  necessary  because  some 
devices,  helmets  in  particular,  are  known  to 
resonate  anr  to  perform  differently  in  high 
intensity  noise  fields  than  at  lower  levels. 
A  realistic  test  of  such  a  device  should  in¬ 
clude,  then,  one  of  performance  in  such  a 
sound  field.  Also,  there  is  evidence  suggest¬ 
ing  that  impulse  noise  (gunfirejattenuatlonis 
not  readily  predictable  from  the  results  of 
pure  tone  threshold  evaluation.  Results  ofthe 
investigation  suggested  that  the  pure  tone 
method  of  test  was  minimally  acceptable,  but 
that  the  additional  information  revealed  by 
tests  in  noise  and  gunfire  plus  the  high  face 
validity  of  such  tests  for  devices  to  be  used 
in  such  environments  made  the  additional 
testmg  highly  desirable.  Another  result  of 
the  experiment  was  to  show  that  any  of  the 
three  ear  protective  devices,  when  worn,  re¬ 
duced  the  temporary  hearing  losses  of  the 
wearer  to  a  reasonable  level.  One  other 
valuable  piece  of  information  was  extracted 
from  this  experiment.  As  part  ofthe  ei^eri- 
ment,  subjects  were  exposed,  unprotected  by 
ear  protective  devices,  to  gunfire  sufficient 


to  induce  a  temporary  hearing  loss  of  a 
moderate  amount.  They  were  later  exposed 
to  noise  sufficiently  long  to  duplicate  the 
hearing  loss  incurred  by  exposure  to  the 
gunfire.  By  comparing  the  relative  amount 
of  noise  exposure  necessary  to  induce  a 
temporary  loss  equal  to  that  caused  by  the 
gunfire,  indications  could  be  derived  of  the 
relative  susceptibility  of  an  individual  to 
loss  from  impulse  and  frorti  continuous 
noise.  These  results  showed  that  individuals 
differ  widely  in  susceptibility  to  noise  in¬ 
duced  hearing  loss,  with  some  quiU  sus¬ 
ceptible  to  impulse  noise  and  little  effected 
by  continuous,  and  the  reverse  true  of  others 
and  some  equally  susceptible  to  both  types  of 
sound.  These  data  have  been  of  considerable 
value  m  the  formulation  of  criteria  for  haz¬ 
ardous  exposure  to  impulse  and  to  steady 
state  noise. 

Our  experiences  have  shown  repeatedly 
that  the  results  of  basic  research  arc  appli¬ 
cable  to  field  problems.  They  have  also 
indicated  many  times  that  the  obvious  time 
and  place  for  use  of  basic  information  is  in 
the  design  state  of  a  weapons  system  or  piece 
of  equipment.  Money  as  well  as  invaluable 
time  IS  wasted  when  a  system  comes  outthat 
is  unacceptable  because  of  a  lack  of  coordina¬ 
tion  and  knowledge  of  basic  facts.  Realizing 
this,  farsighted  regulations  were  promulated 
requiring  human  engineering  coordination  m 
systems  de  sign.  If  the  se  regulations  could  be 
more  carefully  and  Knowledgably  observed, 
the  task  of  assuring  compliance  of  systems 
to  various  human  limitations  would  be  much 
easier. 

In  presenting  this  paper,  1  have  hoped  to 
inform  you  of  the  personnel  and  facilities 
that  our  laboratory  has,  of  our  specific  re¬ 
search  interests  and  capabilities,  and,  most 
of  aU,  of  the  way  aU  of  the  above  capabilities 
can  be  applied  to  the  problems  facing  us  in 
field  operations.  If  I  have  succeeded,  per¬ 
haps  more  of  the  problems  facing  us  will 
be  brought  in  for  attention  and  eventual 
solution. 
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Figure  1.  Mean  Temporary  Threshold  Shift  Following  Exposure  to  Impulsive 
Noise  With  and  Without  Activation  of  the  Acoustic  Reflex 


I  I  I  I 


ON^—  eoiowoiowow 

n  <M  CM  M  —  —  —  I 

'SNIdM  d3J.dV  (qp  Nl) 

ijiHS  oiOHsauHi  Adwaodwax  Nvaw 


Temporary  Threshold  Siift  Induced  by  Three  Experimental  Conditions 


*  Sound  measurements  taken  at  the  left  ear  of  a  riglit  handed  firer. 
**  Sound  measurements  taken  at  the  right  ear  of  a  right  handed  firer. 


E.  STUDIESOF  TEMPORARY 

TRANSIENTS*  by  Norman  L.  Carter  ana  nan  u. 
Cambridge,  Massachusetts 


INTRODUCTION 

The  present  series  of  experiments  follow 
from  a  preliminary  study  desoribed  m  BBN 
Report  No.  916.  (ij  That  »««dy.  ”Ow  called 
Experiment  I,  was  concerned  with  the  effect 
of  pulse  repetition  rate  (pulses 
and  the  number  of  pulses  upon 
pure  tones  in  the  frequency  range  of  2500  to 
lOOuO  cps.  Edith  pulse  had  a  triangular 
acoustic  wAveform,  with  a  rise  time  of  o.o 
millisecond,  duration  I  millisecond  and  peak 
sound  pressure  level  168  di  re  .0002  naicro- 
bar.  Pulse  rates  used  were  1.  5.  10,  20,  4U 
and  80  pulses  per  second  (PPS).  Thenumbers 
of  pulses  were  5,  10,  20,  40  and  80, 

That  study  allowed  the  following  tentative 
conclusions:  (1)  the  oi 

loss  is  in  the  region  of  4000-5000 cps,  (2)  the 
repetition  rate  most  lA«ly  to 
porary  threshold  shift  (TTS)  was  1  PPS;  and 
(3)  the  TTS  increased  with  the  number  of 

^'^^*One  feature  of  the  results  was  that  even 
though  the  hearing  losses  were  for  the  most 
part  small  and  unreliable,  there  was  no 
doubt  that  those  moderately  large  lossesthat 
did  take  place  were  "real*  and  not  artifacts 
of  the  hearing  tests.  It  was  supposed  that  the 
explanation  for  this  might  be  thatpeoplehave 
'thresholds’  for  acoustic  trauma 
absolute  thresholds  for  heari-ig,  and  that 
apart  from  day  to  day  variations  in  tl«  ear 
there  is  an  ‘acoustic  trauma  threshold imlue 
of  X  number  of  pulses  for  each  person  (as¬ 
suming  other  revelant  parameters  such  as 
repetition  rate,  peak  to  peak  level,  rise  time, 
etc.,  arc  constant),  U  this  were  true  the 
variability  in  the  results  of  Experiment  I  could 

be  due  to  the  characteristics  of  the  particular 

subjects  involved  as  well  as  the  ^rticular 
values  of  rise  time,  duration,  repetition  rate, 
number  of  pulses  and  peak  to  peak  level  that 

were  used,  _ 

The  assumption  of  an  acoustic  trauma 
threshold  (ATT)  for 

once  this  threshold  is  reached,  TTS  will  show 
the  same  function  of  number  of  pulses  for  all 
normal  ears,  regardless  of  their  particular 
ATT  values.**  If  this  is  so,  then  prolonged 
and  experimentation  ^uld  be 

i'.oided  by  selecting  subjects  fromthe  low  end 
of  the  ATT  continuum. 

•B,,  voA  6a«in  wonrf 

4^007  MM85  wi*  *«  Surgecn  Gcneiol  s  olfice.  U*.  Amy 
••la  Aia  discussion  Ae  type  ol  fanctloo  of  TTS  oto'v  ATT 
for  *>  parameter  hod  not  been  oentlened.  I*  »  esn- 
Umioos  or  Q  step  frmction  (e.g ,  O  *  to  X  «fo  TTS)  for  eny 
paoaeter.  This  end  other  esperlmeaKd  proHeres,  sad>  os 
the  relobon  of  ATT  to  oAer  auditory  Aresholds,  ore  cco- 
sidered  in  experimenls  reported  bdow. 


EXPERIMENT  II 

Cursory  examination  of  the  data  of  Ex¬ 
periment  I  suggested  that  an  average  of  one 
out  of  four  normal  hearing  young  adults  could 
be  expected  to  show  moderate  hearing  losses 
(over  20  db)  30  seconds  to  two  minutes  after 
exposure  to  80  tnanguUr  acoustic 
(0.5  millisecond  rise  time,  1  millisecond 
duration,  l68  db  peak  to  peak)  at  a  repetition 
rate  of  1  PPS.  Accordingly  it  was  anticipated 
that  if  such  an  exposure  were  given  to  60 
college  students  15  ofthemwouldshowlosses 
greater  than20db.  Caution  dictated,  however, 
that  in  the  present  context,  where  large 
numbers  of  subjects  are  involved  arid  the 
range  of  sensitivity  to  this  stimulus 
kno%m,  subjects  should  first  be  exposed  to 
40  pulses  only,  at  lower  peak  to  peak  leyelf  • 
The  number  of  pulses,  and  possibly  Ibeir 
level,  could  then  be  increased  for  those  sub¬ 
jects  showmg  no  significant  threshold  shift, 
until  a  criterion  (say,  10  db  TTS)  was  reached. 


Apparatus  and  Procedure 

The  apparatus  used  in  generating  the 
acoustic  stimuli  has  been  described  in  detail 
in  a  previous  report.^  ft  consisted  of  an 
arbitrary  function  generator,  or  photoformer, 
capable  of  generating  any  desired  electrical 
waveform  (voltage  by  time),  an  amplifier  for 

.mpUlying  and  controlling  the  peak  voltage 
and  a  small,  high  Litcasity  loudspeaker  (KLH 
6  5)  mounted  on  a  headband  and  held  firmiy 
agamst  tbe  subject’s  head  during  exposure. 
The  level  of  the  acoustic  pulse  was  measured 
bv  placing  the  earphone  on  a  dummy  head  with 
a  microphone  (Altec  21  BR  200)  in  the  s^u- 
lated  ear  canal  and  leading  the  output  of  the 
microphone  to  an  oscilloscope  (Dumont  type 
304  AR).  The  vertical  axis  of  this  scope  was 
previously  calibrated  using  a  BBN  acoustic 
Mlibrator  (308-C.3).  The  rise  time  and 
duration  of  the  pulse  were  read  off  the  scope 
in  a  similar  way,  after  calibrating  thehori- 
sontal  axis  with  a  1000  cps  sine  wave.  Photo¬ 
graphs  of  the  photoformer  mask,  electrical 
output  of  the  amplitier,  andthe  acoustic  pulae 
a.  shown  on  the  oscilloscope  are  presented  in 

Figure  1. 

Hearmg  losses  were  measured  by  a 
subject-operated  Bekesy  audiometer  (Gras^ 
Stadler  type  E.800).  AsinExperimentItests 
were  made  before  and  after  exposure,  but  it 
was  decided  to  drop  the  method  of  recordmg 
hearing  losses  in  terms  of  a  single  loss 
number,’  as  was  done  for  Experiment  I.  in 
favor  of  the  usual  method  of  db  threshold 
shift  at  each  test  frequency. 
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Test  frequencies  were  2000»  4000,  8000 
and  500  cps,  tested  in  that  order  for  30  sec¬ 
onds  each,  before  and  after  exposure.  The 
first  frequency  tested  after  the  train  of  high 
intensity  pulses  was  2000  cps,  begun  30  sec¬ 
onds  post  exposure.  As  is  usual  in  this  type 
of  pure  tone  threshold,  audiometry  threshold 
at  any  frequency  was  the  average  of  the  mid¬ 
points  of  the  excursions  over  the  time  the 
frequency  was  tested. 

Porty-five  normal  hearing  college  stu¬ 
dents  (29  male,  Ibfemale) wereexposedtothe 
acoustic  transients  in  the  sequence,  and  at 
the  levels  indicated  in  Table  1.  In  some  in¬ 
stances  the  pure  tone  thresholds  were  tested 
a  second  time  after  exposure.  This  generally 
indicated  that  the  losses  were**rMi**and  not 
due  to  some  artifact  connected  with  the  sub¬ 
ject’s  inexperience  with  audiometry. 

Results 

The  results  presented  in  Table  1  confirm 
that  there  is  a  considerable  range  in  the  sus¬ 
ceptibility  of  young  adult  subjects  to  TTS 
induced  by  this  type  of  'impulse*  noise. 
Large  individual  differences  m  susceptibility 
to  impulse  noise  can  also  be  seen  m  Figure 
2  where  for  the  45  subjects  we  have  plotted 
the  distribution  of  thresholds  following  ex¬ 
posure  to  impulse  noise  and  the  distribution 
of  pre-exposure  thresholds.  Similar  vari¬ 
ability  among  subjects  with  respect  to  their 
susceptibility  to  auditory  fatigue fromacous- 
tic  impulses  was  found  by  Ward  et  al  (4). 

The  second  aim  of  this  experiment  was  to 
select  subjects  for  later  work.  Eighteen  of 
the  45  subjects  of  Table  1  show  a  greater 
than  10  db  loss  at  one  or  more  frequencies 
following  120  pulses  (or  less)  of  268  db  peak 
to  peak  (or  lower).  These  subjects  are 
indicated  by  an  asterisk,  the  initialled  num¬ 
bers  are  the  subjects  who  proved  available 
for  the  later  experiments. 


EXPERIMENT  lU 

Experiment  1  indicated,  as  might  be  ex¬ 
pected.  that  TTS  increased  as  a  function  of 
the  number  of  pulses.  The  present  study 
was  intended  to  get  quantitative  data  on  the 
shape  of  this  function. 

Apparatus  and  Procedure 

The  apparatus  for  producing  the  stimuli 
and  determining  pure  tone  thresholds  was 
identical  with  that  used  in  the  Experiment  IX 
condition.  Rise  time  of  the  pulses  was  again 
0.5  millisecond,  duration  l.Omillisecond,  and 
repetition  rate  1  PPS,  The  audiometry  was 
also  similar.  Pre-exposure  thresholds  were 
the  mean  of  at  least  two  audiograms  giving 
threshold  as  a  continuous  function  of  fre¬ 
quency  from  2000  to  lOOOO  cps.  Each  audio¬ 


gram  took  70  seconds  to  complete.  Post- 
exposure  audiogram-  were  begun  30  seconds 
and  usually  also  3  minutes  after  the  last 
pulse.  Audiograms  were  also  run  6,  12  and, 
in  many  cases,  24  minutes  post  exposure  if 
recovery  was  not  complete  and  the  schedule 
allowed.  Sixteen  subjects  were  used.  Four¬ 
teen  of  these  are  shown  with  initials  and 
asterisks  in  Table  1.  Subject  number  43  was 
not  available,  but  was  replaced  by  a  non- 
sensitive  subject  (E.S.)to increase  (hopefully) 
the  variance  in  our  sam^'e.  One  other  sub¬ 
ject  (T.H.)  was  include^  because  of  las  ex¬ 
perience  of  audiometry  in  other  experiments 
and  because  an  initial  exposure  gave  signifi¬ 
cant  TTS. 

The  experimental  procedure  consisted  of 
repeated  exposures  for  each  subject  (one  day 
between  exposures)  in  a  trial  and  error  ap¬ 
proach  to  a  criterion  maximum  threshold 
shift  of  between  30  and  40  db  in  the  first 
audiogram  after  exposure.  The  usual  method 
was  to  guess  at  an  exposure  capable  ofmmi- 
mal  significant  TTS  (i.e.  the  ATT  for  number 
of  pulses)  usmg,  in  all  but  two  instances,* 
a  peak  pulse  level  of  168  db.  If  the  criterion 
TTS  was  reached  quickly,  the  number  of 
pulses  was  dropped  in  the  ratio  of  3/4,  1/2 
and  l/l  that  number;  otherwise  the  procedure 
was  to  increase  the  number  of  pulses  during 
subsequent  exposures. 

Results 

The  foregoing  experimental  procedure 
resulted  in  measures  of  temporarythreshold 
shift  at  13  frequencies  30  to  95  secondsafter 
exposure,  180  to  245  seconds  after,  etc.  de¬ 
pending  on  the  frequency  measured  and  the 
pest*  exposure  audiogrsm,  In  order  to  com¬ 
pare  our  data  with  those  reported  by  other 
investigators  it  was  decided  to  use  recovery 
curves  previously  determined  from  exposure 
to  steady  state  noise  to  estimate  the  hearing 
loss  two  minutes  after  exposure,  from  the 
first  post-exposure  audiogram.  The  curve* 
used  for  this  are  given  in  Figure  3. 

The  extrapolated  TTS  2  values  were 
plotted  for  each  subject  as  a  function  of  the 
number  of  pulses  in  the  exposure.  Separate 
figures  were  prepared  for  test  frequencies 
2000  cps  (see  Figures  4,  6,  8)  and  the  means 
of  TTSg  at  2200-2500  cps,  3000-3500,  4000- 
4500  (see  Figures  S,  7,  9),  5000-5500,  6000- 
7000,  and  8000-9000  cps. 

Data  already  given  have  shown  that  wide 
individual  differences  exist  in  susceptibility 
to  impulse  noise.  Preliminary  examination 
of  the  present  data  indicates  that  this  is  true 


*0ae  subject  (BJC )  objected  to  peede  to  ped:  levels  above 
152  db  oa  the  ciounds  thot  they  hurt.  Ihe  etoer  (W  B.)  pioved 
hi^ysuscep^e  to  the  pulses.  Pulse  levd  «os,  thcrefeie, 
dropped  in  V  6.'s  case  to  156  db  peak  to  peak  and  toe  ex- 
peiioieat  eentinued  as  with  toe  other  subjects. 
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even  for  the  selected  group  of  l6  subjects 
used  in  the  present  study. 

For  this  reason  the  results  from  the  16 
experimental  subjects  were  divided  intothree 
groups.  Results  for  the  six  most  sensitive 
subjects  are  plotted  in  Figures  4  and  S,  the 
three  next  most  sensitive  in  Figures  6  and  7 
and  for  the  seven  least  sensitive  in  Figures 
S  and  7. 

Clear  association  between  number  of 
pulses  and  TTS2  at  any  frequency  is  present 
in  only  the  first  two  of  these  groups,  totalling 
nine  subjects.  Data  from  the  remaining  seven 
subjects  (Figures  8  and  9)  are  not  included  in 
the  figures  following  Figure  9  because  they 
show  no  significant  hearing  loss 

The  considerable  degree  of  variation  still 
present  within  each  group  suggested  further 
classification  of  the  two  most  sensitive 
groups  into  four  sub-groups.  The  most  sensi¬ 
tive  sub-group  now  comprised  subjects  W.B.. 
C,G..  th'  second  most  sensitive  subjectsS.C.. 
W.H.i  D.M.  and  W.R.;  the  third.  subjectH.P.: 
and  the  fourth  most  sensitive  sub-group,  sub¬ 
jects  J.H.,  B.K.  Mean  TTS^  at  each  of  the 
test  frequencies  were  plotted  for  each  of 
these  four  sub-groups  as  a  function  of  the 
number  of  pulses.  Exampl.es  of  the  test  fre¬ 
quencies  of  2000  and  mean  of  average  and 
4000  and  4S00  cps  are  presented  in  Figures 
10  and  1 1.  The  smoothed  curves  fitted 
visually  to  these  data  are  redrawn  in  Figures 
12-15  for  each  frequency  and  each  sub¬ 
group.  The  curves  are  superimposed  in 
Figure  IS  and  average  curves  over  all  test 
frequencies  drawn  for  each  sub-group  of 
subjects  in  Figure  16. 

Discussion 

In  setting  up  the  experimental  procedure 
and  initial  plot  of  the  data  of  Experiment  11! 
three  assumptions  were  made.  First  it  was 
assumed  that  a  series  of  impulse-type  noises 
acts  cumulatively  in  producing  temjiorary 
threshold  shift,  i.e.  that  hearing  loss  can  re¬ 
sult  from  a  scries  of  otherwise  harmless 
impulsive  noises  if  they  occur  close  enough 
together  in  time.  Second,  it  was  qssumed 
that  individual  differences  in  the  amount  of 
TTSg  following  a  series  of  acoustic  pulses 
were  due  to  differences  in  the  number  of 
pulses  necessary  to  produce  initial  threshold 
shift.  The  number  of  pulses  thought  to  be 
necessary  to  produce  temporary  tnreshold 
shift  persisting  for  two  minutes  after  ex- 
TOSaPc  wan  called  "acoustic  trauma  thresh- 
cld  :ATT)  for  number  of  pulses."  The  third 
assumption  was  that  the  rate  of  increase  of 
TTS2  as  the  number  of  pulses  is  increased 
is  the  same  for  all  ears  once  the  critical 
number  of  pulses  known  as  **ATT  for  num¬ 
ber  of  pilses"  was  reached. 

The  fact  that  all  of  the  smoothed  curves 
of  Figures  12- 16  are  exponential  in  form 
suggested  that  a  family  of  curves  of  the  same 


general  form  could  take  account  oftheUiver- 
fty  of  the  data  and  still  provide  a  general 
account  of  the  relation  between  TTS^  and 
number  of  pulses. 

Our  assumption  that  the  function  relating 
number  of  pulses  and  TTS2  is  the  same  form 
for  all  individuals  can  be  maintained  while 
still  keeping  a  good  fit  to  the  data  by  use  of 
the  set  of  curves  illustrated  in  Figure  17. 

The  plausibility  of  this  as  a  general 
hypothesis  of  the  relation  between  number  of 
pulses  and  TTS2  was  aided  somewhat  by  the 
fact  that  in  extrapolating  the  uppermost'  -rve 
the  line  can  be  made  to  merge  quite  easily 
with  the  50  db  level,  commonly  taHen  as  the 
point  beyond  which  the  likelihood  of  perma¬ 
nent  damage  is  increas'^d.  At  this  level 
also  the  rate  of  recovery  of  TTS2  xs  re¬ 
duced  Is] .  While  the  reasons  for  these 
phenomena  are  obscure,  their  occurrence 
after  "TTS2”  of  50  db  or  more  suggests 
that  this  is  the  "threshold"  of  permanent 
damage,  which  may  have  a  different  mech¬ 
anism  to  TTS,  and  produce  a  curve  of  dif¬ 
ferent  shape  to  the  rather  complete  ap¬ 
pearing  pattern  of  curves  suggested  in  Fig¬ 
ure  17. 

Comparison  of  Figures  15  and  16  shows 
the  general  similarity ofthe curves  withthose 
in  the  hypothetical  case  of  Figure  17.  Such 
curves  are  generally  known  as  Gomperts 
curves,  the  general  equation  of  which  has 
the  form 

Y  =  Vg>>’' 

I.e.  the  dependent  variable  is  a  double  ex¬ 
ponential  function  of  X.  and  V  is  a  constant 
wi  ich  gives  the  hypothetical  or  empirically 
determined  upper  limit  for  Y.  The  equation 
generates  both  the  negatively  accelerating 
function  shown  by  our  most  sensitive  sub¬ 
jects  and  an  initially  positively  accelerating 
function,  depending  upon  whether  or  not  the 
constant  g  is  more  or  less  than  1/e.  In  both 
cases  g  and  h  must  be  fractional  and  positive 
to  give  the  initially  positively  accelerated  and 
then  negatively  accelerated  functions  sug¬ 
gested  in  Figure  17.  In  the  present  context 
Y  and  X  are  the  variables  TTS2  and  number 
of  pulses  respectively.  V  is  the  empirically 
determined  (or  guessed)  50  db  upper  limit  of 
TTS^t  g  x»  the  Y  intercept,  or  amount  of  TTS2 
after  a  single  pulse  and  h  is  the  rate  of 
growth  of  TTS2  with  number  of  pulses. 

Tests  of  this  hypothetical  relation  are 
given  in  Figures  18  and  19.  The  data  points 
of  Figure  18  are  the  average  TTS2  over  all 
test  frequencies  (2000-9000  cps)  for  desig¬ 
nated  groups  of  subjects  as  a  function  of 
number  of  pulses.  Figure  19  gives  the  same 
information  for  average  TTS2  at  4000  and 
4500  cps.  Xj  is  the  point  of  inhection  of  the 
smoothed  curves,  i.e.  th«t  value  of  X  at 
which  the  curve  changes  from  a  positively  to 
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a  negatively  accelerated  slope.  It  is  hotc- 
worthy  that  this  occurs  in  all  cases  at  about 
17.5  db  TTSj. 

For  three  out  of  the  four  sub-groups 
(seven  of  the  nine  subjectsi  the  seco^  ex¬ 
ponent  his  very  closeto  the  same  value  (.982). 
The  same  exponent  for  the  fourth  sub-group 
averages  .950.  The  relatively  small  degree  of 
variation  in  this  exponent,  which  represents 
the  rate  of  growth  of  TTSa  with  number  of 
pulses.  IS  regarded  as  justifying  the  original 
assumption  that  the  rate  of  growth  of  TTS2 
with  number  of  pulses  was  the  same  for  all 
ears  regardless  of  their  acoustic  trauma 
threshold.** 

Since  the  smallest  number  of  pulses  to 
which  the  ear  can  be  exposed  is  one,  the  con¬ 
stant  “g,”  or  the  point  of  originofthe  growth 
function.  IS  the  proportion  of  50  dbTTS2  pro¬ 
duced  by  a  single  pulse.  It  is  interpreted 
roughly  as  the  extent  to  which  the  subject  s 
ATT's  have  been  overreached  by  the  peak  to 
peak*  SPL*s  of  the  particular  pulse  used  in 
this  experiment.  Ir.thiss^nseitisa  measure 
of  individual  differences  in  susceptibility. 

Most  of  the  difference  between  the 
smoothed  curves  of  Figures  18  and  19  can  be 
attributed  to  variation  in  this  constant,  sup¬ 
porting  the  thirdassumptionthatthesourceof 
individual  differences  is  in  the  point  at  which 
TTS2  first  appears  rather  than  the  rate  at 
which  it  grows  after  the  subject’s  "acoustic 
trauma  threshold**  is  reached.  It  is  impor¬ 
tant  to  note,  however,  that  the  equation 

Y  -  Vg^  implies  that  if  **g**  equals  zero 
(there  being  no  loss  after  a  single  pulse) 
TTS>  will  continue  to  equal  zero  no 
how  many  pulses  are  presented.  This  impli¬ 
cation  is  confirmed  empirically  in  our  data 
by  the  failure  of  seven  of  our  sixteen  sub¬ 
jects  to  show  significant  TTSg  after  as  many 
as  200  successive  pulses.  Our  second  as¬ 
sumption  that  individual  difference  consist  in 
part  of  the  number  of  pulses  necessary  to 
produce  initial  threshold  shift  should  there¬ 
fore  be  dropped  in  favor  of  specifying  the 
ATT  in  terms  of  parameters  of  the  single 
pulse  necessary  to  produce  an  infinitely 
small  but  significant  TTSg  and  hence  g. 

In  practice  this  will,  of  course,  involve  ex¬ 
posing  some  subjects  to  more  than  one  pulse, 
unless  the  methods  of  detecting  TTS2  are 
improved.  ,  r 

The  usefulness  of  these  values  of  g  as 
a  measure  of  individual  susceptibility  to  this 
type  of  pulse  is  limited,  since  the  particular 
values  derived  in  this  experiment  obviously 
apply  6nly  to  this  repetition  rate  and  peak  to 
peak  levels.  In  order  to  derive  a  scale  of 
^sceptibility  to  thistypeof  pulse  which  would 
be  applicable  to  all  people  it  would  be  neces¬ 
sary  to  know  the  lowest  levelatwdiicha  pulse 
of  the  type  we  are  using  was  capable  of  pro¬ 
ducing  some  TTS2.  no  matter  how  smaU,  in 
the  least  susceptible  ears.  The  same  ex¬ 


posure  could  conceivably  produce  the  ni^i- 
mum  (50  db)  TTS2  m  some  ears,  whose  "g" 
would  then  equal  one.  Presumably  there 
would  be  a  distribution  of  TTS2betweenthese 
limits  and  hence  a  distribution  of  "g”  to  be 

entered  in  the  equation  TTS2= 

If,  for  example,  S  showed  a  TTS2  of  8  db 
following  exposure  to  one  pulse  at  this  level, 
then  it  could  be  calculated  that  his  TTS2 
•after  80  such  pulses  would  be 

QOjSO 

TTS2-  50(.l6)-^^^ 

-  50U6)-““ 

«  32.6  db. 

Such  a  calculation  procedure  would  still  be 
limited  to  triangular  acoustical  waveforms 
with  a  rise  time  of  0.5  millisecond,  duration 
1.0  millisecond,  and  a  repetition  rate  of  1 
PPS.  It  would  also  apply  to  only  one  peak  to 
peak  pulse  level. 

However,  arriving  at  the  corrections  to  be 
applied  for  alterations  in  peak  to  peak  of  the 
pulse,  rise  time,  and  duration  should  be  rela¬ 
tively  straightforward,  andworkisprogress- 
ing  under  U.  S.  Army  sponsorship  at  our 
laboratory  and  elsewhere  on  these  questions. 
Further  confirmation  of  the  50  db ‘‘guessed** 
"safe**  upper  limit  for  TTS2  is  also  required. 
Although  we  feelthat  the  hypothesis  developed 
above  for  growth  of  TTS  as  a  function  of  the 
number  of  exposures  may  have  promise  as  a 
general  description  of  the  growth  of  TTS  from 
acoustic  impulses,  it  is  put  forth  here  as  but 
one  possibility  worthy  of  discussion. 

In  an  exploratory  study  on  TTS  from  im¬ 
pulses,  Ward  et  al  {4|  concluded  that  the 
growth  of  TTS  for  most  frequencies  is  linear 
with  time,  or  number  of  pulses  when  given 
at  a  constant  rate.  We  are  not  all  sure  that 
the  fitting  of  straight  lines  to  our  data  to 
indicate  a  linear  growth  in  TTS  as  a  function 
of  number  of  pulses  would  not  ultimately  prove 
to  be  the  best  procedure.  The  necessity  of 
averaging  data  such  as  ours  across  a  limited 
number  of  subjects  can  easily  result  in 
misleading,  though  suggestively  interesting, 
curvatures. 

EXPERIMENT  IV 

This  experiment  was  designed  to  explore 
the  effect  of  peak  to  peak  pulse  level  upon 
TTSj.  The  audiometric  test  procedure  was 
the  same  as  that  used  in  the  previous  study. 
The  subjects  were  the  nine  most  sensitive 
subjects  (W.B.,  C.G.,  S.C.,W.H.,D.M.,W.R., 
H,P.,  J.H.  AND  B.K.)  of  Experiment  III. 

For  this  study  we  exposed  the  subjects  to 
impol...  »t  p»k  to  peak  .ound  P”‘>“« 
level,  of  156  and  162  db.  Comparable  data 
for  a  level  of  168  db  wa»  avaiUble  from  the 


results  c£  Experiment  III.  AU  other  vari¬ 
ables.  ircludins  th*  number  oC  pul»e#  and 
the  repetition  rate,  were  held  constant. 


Results 

Examples  of  the  results  of  this  pro- 
ced*  re  are  given  in  Figures  20  and  21.  The 
hearing  losses,  from  first  audiogram  begun 
30  seconds  after  exposure,  were  corrected 
to  2  minutes  post  exposure  by  using  the  re¬ 
covery  curves  of  Figure  3. 

While  the  data  for  each  subject  and  test 
frequency  shows  many  inconsistencies,  the 
mean  TTS,  over  all  subjects  and  test  fre¬ 
quencies,  as  shown  in  Figure  22,  appears  to 
be  linear,  and  to  increase  3  dbwitheach  6  db 
increase  in  peak  to  peak  level. 

EXPERIMENT  V 


The  final  experiment  in  this  series  was 
undertaken  because  of  the  wide  differ^ces 
observed  between  subjects  in  amount  of  TTS>2 
following  comparable  exposurestotriangular 
pulses,  differences  which  appeared  to  be 
greater  than  those  commonly  found  following 
exposure  to  steady  state  pure  tones  or  octave 
band  noise.  Because  our  subjects  were 
selected  on  the  basis  of  susceptibility  to  im¬ 
pulse  type  noise,*  this  experiment  was  aimed 
at  finding  the  degree  of  correlation  between 
susceptibility  to  impulse  noise  and  ocUve 
band  noise  rather  than  at  estimating  the  sise 
of  the  variance  in  TTSj  due  to  the  two  types 
of  noise  in  the  population  at  large. 

The  sixteen  subjects  used  for  aepenment 
III  were  e  oosc  1  to  10  minutes  of  pre¬ 
recorded  c  ve  band  noise  in  the  frequency 
range  1200-2400  cps.  The  noise  was  ob- 
tamed  from  a  GR  noise  generator  and  altered 
to  a  cutoff  characteristic  of  36  dbperoclave. 
The  overall  sound  pressure  level  -'f  the  ex¬ 
posure  in  all  cases  was  1 10  db,  as  ««.  ared 
in  the  car  canal  on  an  artifice  *  head. 

Audiometric  procedure  wastb?  .v  ne  as 
in  Experiments  UI  and  IV.  The  first  aclio- 
gram  after  exposure  began  30  secoiuis  post. 

Results 

Hearing  lose  ,  TTS2,  at  2000  and  40C0 
cps  are  given  Table  2.  Also  given  m 
Table  2  are;  (.  estimated  average  TTSg 

at  2000  and  4000  vps  following  exposure  to 
60  ir.ipulses  at  a  level  of  168  db  (these  esti¬ 
mates  are  derived  from  the  data  in  Figu^s 
4-9),  (b)  the  rank  orders  of  the  average  TYSg 
for  the  two  noises,  and  (c)  the  r^nk  order 
correlations  for  the  average  ofUieTTS  values 


•Hwever,  beccuie  of  Ae  smoll  debtee  of  TTS  observed  In 
most  persons  In  our  selection  test  (see  Tc41»  1).  «e 
certain  that  our  "moderately"  senritive  subjects  do  not 
reolly  represent  the  averooe  of  Ae  general  px»lotien' 


for  2000  and  4000  cps  and  for  other  test 
frequencies. 

These  coefficients  indicate  no  significant 
positive  correUtion  in  these  l6  subjects  be¬ 
tween  susceptibility  to  the  impulse  type  noise 
and  hearing  losses  due  to  noise  in  the  octave 
band  1200-2400  cps.  Although  the  pattern  of 
increasingly  higher  negative  correlations 
with  test  frequencies  is  perhaps  interesting 
the  highest  correlation  at  test  frequencies 
8000-90P0  cps  is  negative  and  accounts  for 
only  25%  of  the  variance. 

The  results  of  this  experiment  show  a 
strikmg  difference  between  the  ranges  of 
individual  differences  m  susceptibility  to 
impulse  and  steady  state  noise.  This  is 
shown  in  Figure  23  where  we  see  that  a 
difference  of  about  20  db  separated  the 
Urgest  and  smallest  TTS  following  exposure 
to  steady  state  noise  in  contrast  to  a  range  of 
about  55  db  for  impulse  noise.  It  is  mterest- 
ing  to  note  that  the  range  between  the  least 
and  most  sensitive  ear  is  about  the  same  for 
the  pre-exposure'thresholds  (see  Figure  2) 
as  it  is  following  exposure  to  steady  state 
noise. 

The  most  obvious,  but  as  yet  unproven 
explanation  for  this  greater  variability  is,  of 
course,  that  the  auditory  reflex  relaxes  at 
different  rates  for  different  subjects  or  con¬ 
versely,  IS  not  readily  elicited  in  some 
persons  as  in  others.  Although  it  is  be- 
heved  that  the  muscles  involved  in  the  audi¬ 
tory  reflex  relax  in  the  typical  ear  in  a 
matter  of  a  few  hundred  milliseconds,  our 
data  suggest  that  m  the  “tougher"  ears  per¬ 
haps  the  muscles  are  at  least  partly  con¬ 
stricted  after  as  long  as  one  second,  thereby 
affording  seme  protection  from  succeeding 
impulses  given  at  the  rate  of  I  per  second; 
whereas  m  our  "tender  eared  subjects  the 
muscles  are  completely  relaxed  in  one  sec¬ 
ond.  It  is  also  possible,  of  course,  that  our 
"tender  eared"  subjects  completely  lackthis 
reflex.  We  are  planning  additional  studies  on 
this  point. 


Reliability  of  Audiogram 

During  the  course  of  the  experiments  just 
reported  we  accumulated  a  number  of  ‘pre¬ 
exposure"  audiograms  (the  audiogram  given 
•rior  to  exposure  to  noise)  for  18of  our  sub- 
cts  Hopefully,  these  audiograms  should, 
for  each  subject,  be  quite  simiUr;  if  so,  the 
rather  small  threshold  shifts  noted  as  the 
result  of  exposure  to  impulse  and  steady  state 
noise  could  be  taken  as  significant. 

The  general  reliability  of  the  audiograms 
obtained  from  our  subjects  is  given inFigure 
24.  The  mean  difference  between  the  first 
pre-exposure  audiogram  and  succeeding  pre¬ 
exposure  audiograms  (given  at  least  1  day 
apart)  is  -1.2  db,  indicating  perhaps  some 
«iiaht  imorovement  by  these  subjects  in 
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s  No. 

Pulse  Level 
in  db 

1 

158  db 

2 

It  it 

*  3 

•1  It 

*  4(C.C.) 

5 

:: 

Table  1.  Temporary  Threshold  Shift  in  45  Subjects  at  500,  2000,  4000  and 
8000  cps  Followmg  Acoustic  Pulses  uith  Rise  Txmo  0.5  millisecond. 
Duration  1.0  millisecond  and  a  Repetition  Rate  of  1  Pulse  Per 
Second  <1  PPS), 


No.  of  Pulses 


2000  4000  8000  500  ROOO  4000  8000  500  12000  4000  8000  500 


Table  Z.  Rank  Order  Correlation  between  TTS2  from  Acoustic  Impulses  and 
Steady  State  Octave  Band  of  Noise 


TTS2  from  1200-2400  cps 
Octave  Band  of  Noise, 

10  Min.  Duration.  SPL  110  db 


Aver,  Diff. 
2000+  from 
S  2000  1000  4C00  Mean 


at  Speciiied  Test  Fre- 
.^uencies. 


Estimated  TTS?  from  60  Pulses, 

1  P/Sec,  168  db,  (See  Fig.  2) 

TTS2 

TTS2 

Aver,  of 

Diff. 

1200-2400  cps 

Impulse 

Diff. 

2000+ 

from 

Band  Noise 

60  P/Sec 

in 

- 

4000  cps 

Mean 

Rank 

Rank 

Rank 

55 

+41 

7 

1 

6 

3 

20 

+  6 

5 

4.5 

0.5 

.25 

2 

-12 

1 

12 

11 

121 

50 

♦  36 

13 

2 

11 

121 

7 

-  7 

9 

9 

0 

0 

22 

♦  8 

9 

3 

6 

36 

9 

-  5 

11.5 

7 

4.5 

20.25 

10 

-  4 

4 

6 

2 

4 

8 

.  6 

9^ 

8 

1 

2 

20 

+  6 

3 

4.5 

1.5 

2.25 

.  1 

-15 

10 

14 

4 

16 

-  1 

-15 

11. s 

14 

2.5 

6.25 

4 

-10 

2 

10 

8 

64 

-  1 

-15 

6 

14 

8 

64 

3 

-11 

14 

11 

3 

9 

Mean~ : 

14  db 

+  4000  cps 

»  +.1 

4000+  4500- 

-.005  8000.9000 

-  -.51 

2000-  +.24 
2200+  2SOO  a-.004 


5000+  SSOOe 
600Df  7000.. 


ability  to  find  their  thresholds  with  continued 
use  of  the  audiometer.  The  standard  devia* 
tion  of  1.4  db  demonstrates,  however,  that 
even  with  a  large  amount  of  audiometric 
testing  (each  subject  had  an  average  of'lO 
pre-exposure  audiograms)  the  audiograms 
are  very  consistent. 


Actually,  the  effects  ofnoiseonhearingis 
taken  as  the  difference  between  two  audio- 
grams  taken  in  fairly  close  succession.  This 
testing  procedure  is  approximated  if  we  take 
the  first  two  pre-exposure  audiograms  for 
,ach  Subject  and  compare  the  difference  be¬ 
tween  them.  Doing  this,  we  found,  mean 
differences  of  +.5  db  and  -.7  db  and  standard 
deviations  of  2.4  db  and  2.4  db  at  2000  cps 
'»iid  40CG  cps  respectively. 


These  test- retest  reliabilitydata  indicate 
that  consistent  differences  between  pre-  and 
post- exposure  audiograms  of  but  2-3  db  at 
several  critical  test  frequencies  wiU  usually 
be  found  with  further  experimentation  to  be 
statistically  reliable  differences  and  pre¬ 
sumably  attributable  to  some  interviewing 
factor,  such  as  exposure  to  intense  noise. 
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Figure  1.  Photograph  of 

a.  Pholoformer  Mask 

b.  Electrical  Output  of  Amplifier 

c.  Acoustical  Output  of  Speaker  as  shown  cn  Oscilloscope 

(The  horizontal  (time)  sca‘e  in  b.  and  c.  is  0.2  miihsec  per  div. ) 


Figure  2.  Pre-Exposure  Thresholds  and  Difference  Between  Pre  and  Post  Exposure  Thresholds  to  Impulse  t  in  DB 


THRESHOLD  SHIFT  IN  OB 
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Figure  4.  Ter.jporary  Threshold  Shift  for  the  Six  "Moet  Sueceptible"  Subjects  at  2000  CPS  Two  Manutes  After  Exposure, 
Parameter  Is  the  Subject  and  the  Peak  to  Peak  Level  of  Pulses  in  £>B 


o 
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Figure  7,  Average  of  Temporary  Threshold  Shifts  for  the  Three  "Next  Most  Susceptible"  Subjects  at  4000  aod  4500  CPS  Two 
Mi&utes  After  Exposure*  Parameter  Is  the  Object  and  the  Peak  to  Peak  Level  of  Ailses  ii.  DB 
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Average  of  Temporary  Threehold  ^ifta  for  the  Seven  '*L>ea8t  Suaceptible"  Subject!  at  4000  and  ^500  CPS  Tv'o  Minutci 
After  Expoaure.  Parameter  la  ttie  Object  and  the  Peak  to  Peak  Level  of  Pulaea  in  Dt) 


Figure  20.  Mean  Threehold  Shifts  at  2000  CPS  Two  Minutes  After  Exposure.  Parameter  Is  the  Subgroup  of  Subjects 

Used  to  Obtain  Mean  TTS^ 
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Figure  12.  Smoothed  Average  TTSj  of  Subject#  W.B.  and  C.C.  Two  Minute#  After  Exposure  a#  a  Function 
of  the  Number  of  Pulses.  Parameter  Is  the  Frequency  of  Test  Tone. 


Figure  13,  Smoothed  Average  TTS^  of  Subject#  H.  P,  (’A/lth  Subecript)  S.C. ,  W.H.,  D.M.  andW.R. 
at  a  Fvmctton  of  the  Number  of  Pulaea,  Parameter  la  the  Frequency  of  Teat  T'^ne 


Figure  14.  Smoothed  Average  TTS2  of  Subjects  J.  H.  and  B.K.  as  a  Function  of 
the  Number  of  Pulses.  Parameter  Is  the  Frequency  of  Test  Tone 
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Figure  17,  Hypothetical  Relation  Between  Number  of  Pulses  and  TTS2 
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Figure  22.  Average  of  Temporary  Threahoia  Stift*  Over  All  Subjects  Two  Minutes  After  Exposure  t-  Triangular  Acoustic 
Transients,  156,  162  and  168  DB  Peak  to  Peak.  Parameter  Is  the  Test  Frequency 


Figure  23.  Distribution  of  Differences  Between  Me*n  of  Dlfferencee  and  Differences  Between  Prc  and  Poet 
Exposure.  Average  TTSg  at  2000  and  4000  CPS 


DIFFERENCE  IN  DB  BETWEEN  1ST  PRE-EXPOSURE  AND 
AVERAGE  OF  SUCCEEDING  PRE-EXPOSURE  AUDIOGRAMS 

Figure  24.  Mean  of  Average  Differences  at  2000-4000  CPS  Between  1st  Pre-Exposure  Audiogram  and 
Succeeding  Pre -Exposure  Audiograms  for  Each  Subject 


F.  PANEL  SUMMARY  by  Dr.  Aram  Glorig, 
Center,  Los  Angeles,  California 

It  IS  quite  a  pleasure  for  me  to  be  here 
It  has  been  10  to  12  years  since  the  last 
time,  and  I  remember  it  quite  uiell  because 
at  the  time  I  was  carrying  a  22-pound 
anal’’*er  on  one  shoulder  and  a  3-pound 
sound  level  meter  on  the  other.  By  the  time 
I  finished  the  trip  through  various  military 
bases  the  analyzer  must  have  weighed  75 
pounds.  At  least  I  was  sure  it  was  over  22 
pousids.  At  any  rate  the  early  work  on  some 
aspects  of  the  military  noise  problem  was. 
as  you  know,  sponsored  through  Walter  Reed 
Army  Medical  Center. 

As  far  as  industry  is  concerned  noise 
was  acknowledged  as  a  problem  in  1802  when 
It  was  first  reported  in  blacksmith  shops. 
The  problem  has  been  with  us  for  a  long 
time,  but  not  much  has  been  done  about  it 
until  recently. 

Believe  me,  it  gives  me  no  end  oi 
pleasure  to  see  the  work  Dr.  Fletcher  and 
Dr,  Karl  Krytcr  ar.d  his  group  are  doing  for 
the  military  noise  problem;  it  is  high  time. 
Although,  as  a  very  practical  man.  I  some¬ 
times  wonder  about  controlling  gun  fire 
during  war-time  since  it  doesn  t  seem  very 
important  to  save  a  man's  hearing  when  he 
may  get  killed  at  anytime.  However,  1  don  t 
think  this  applies  to  the  peacetime  Army,  u 
one  considers  the  number  of  people  who  are 
sustaining  severe  hearing  losses  from  gun¬ 
fire  it  seems  to  me  it  is  about  time  to  do 
something  about  the  human  component  of  a 
mechanized  Army  and  the  conservation  of 
hearing  is  a  good  pUce  to  start.  It  is  about 
time  we  began  to  save  wear  and  tear  on 
humans  as  well  as  vehicles. 

Mr,  Erickson’s  paper  clearly  points  out 
that  the  problem  is  not  only  noise  cop^rof 
but  noise  exposure  control.  There  isn  t 
much  need  to  quiet  a  machine  if  no  one  >vill 
be  exposed  to  its  noise.  If  we  think  of  this 
in  terms  of  noise  exposure,  the  human  re¬ 
lationship  IS  much  clearer.  It  might  be  ■  ell 
to  remember  that  the  military  mission  to  be 
accomplished  is  something  which  canbedone 
better  over  a  longer  period  of  time  if  human 
senses  are  protected  against  damage.  We 
must  take  into  account  wear  and  tear  on  the 
human 

Dr.  Fletcher's  paper,  presents  a  very 
fascinating  subject.  We  are  doing  consid¬ 
erable  work  on  the  aural  reflex  in  our 
laboratory.  We  should  consider  this  type 
of  research  as  more  than  ’’ivory  tower^^ 
thinking.  In  this  case  the  ’’ivory  tower 
has  become  the  workshop,  I  thi^  one  can 
see  a  very  practical  result  of  basic  research 
in  the  device  that  Dr,  Fletchcrhas described. 
However,  I  would  like  to  warn  the  group  that 
this  device  does  not  necessarily  eliminate 
other  means  of  protection.  There  are  ad¬ 
vantages  and  disadvanUges,  and  one  of  the 
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disadvantages  clearly  evident  in  Dr. 
Fletcher’s  paper  is  that  the  protective  effect 
of  the  aural  reflex  mechanism  is  extremely 
variable.  There  are  so  many  factors  that 
influence  its  action  and  even  though  it  is 
proposed  as  a  standard  device  we  must  re¬ 
member  that  for  some  people  it  will  provide 
a  Urge  amount  of  protection  and  for  others 
very  little.  1  am  sure  Dr.  Fletcher  did  not 
intend  the  device  to  be  a  replacement  lor  ear 
plugs  or  muffs  but  instead  to  furnish  addi¬ 
tional  protection. 

The  work  of  Dr.  Kryters  group  and  of 
our  staff  on  Temporary  Threshold  Shift 
ITTS)  as  a  function  of  impulse  noise  clearly 
demonstrates  that  the  TTS  is  not  by  any 
means  the  same  sort  of  process  as  that 
which  accompanies  exposure  to  s^dy  noise. 
The  literature  will  state  that  TTS  can  be 
used  to  predict  the  amount  of  permanent 
threshold  shift  (PTS)  that  will  occur  on  an 
average  over  a  long  period  of  time,  we 
made  certain  assumptions  in  our  laboratory 
several  years  ago  which  we  are  now  finding 
to  be  more  than  mere  assumptions.  For 
example,  we  believe  that  U  there  is  no  TTS 
there  will  be  no  PTS  (Permanent  Threshold 
Shift)  We  now  have  shown  this  to  be  true  in 
field  studies  wher-  steady  noise  is  con¬ 
cerned.  but  we  do  not  know  if  it  is  true  for 
iiniml.e  noUe.  From  <ho  data  Dr.  Kryter 
preaented  it  may  oven  bo  true  for  impuloe 
noioe.  Dr.  Kryter’o  data  are  encouraging 
to  .ay  the  Xea.t,  We  aleo  kno-that  a  cer¬ 
tain  amount  of  TTS  can  be  eu.tamed  without 
producing  a  PTS.  .... 

We  also  know  from  TTS  studies  that  some 
octave  bands  aremorehazardousthanothere. 
If  one  looks  at  individuals  with  elevated 
thresholds  one  finds  that  noise  exposure 

does  not  raise  the  threshold  any  higher  than 

it  would  in  individuals  who  have  a  normal 
threshold.  The  amount  of  shift  is  more,  wt 
the  maximum  hearing  level  is  no  higher.  We 
can  also  determine  quite  well  that  adequate 
damage  risk  criteria  can  be  proposed  on 
basis  of  TTS  studies.  As  a  matter  of  fact 
the  International  Standards  Organization  has 
recently  proposed  criteria  on  the  basis  of 
TTS  studies  done  in  our  laboratory  and  con¬ 
firmed  in  others.  u  j  i,,. 

The  experiments  that  were  described  by 
Dr  Kryter  have  in  the  main  substantiated 
the’  experiments  conducted  in  ourlateratory. 
We  found  that  when  steady  noise  is  the  ex¬ 
posure  TTS  mcreases  as  the  logarithm  of 
tune.  This  is  a  very  definite  law  that  holds 
quite  well  for  steady  noise,  but  not  with 
impulse  noise.  Impulse  noise  seems  to  have 
a  linear  relation  to  time.  The  mechanism 
of  the  change  from  steady  noise  is  not  well 
understood.  We  think  it  is  a  biochemical 
change  that  takes  place  over  a  long  period 
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o£  time.  Dr.  Kryter  called  it  fatigue;  I  am 
not  too  sure  fatigue  is  the  proper  word,  out  at 
least  it  IS  descriptive  enough  for  the  present. 
In  the  case  of  the  impulse  noise  I  don  t  know 
\/hat  happens  in  the  inner  ear.  We  know  that 
u  animals  high  level  blasts  produce  actual 
aisp’acement  of  the  organ  of  Corti.  It  ap- 
p'-ars  that  there  must  be  a  combination  of 
mechanical  change  and  a  biochemical 
in  the  presence  of  impulse  noise.  The 
variability  of  the  effects  of  impulse  noise  is 
quite  evident.  One  should  expect  this.  The 
effects  of  such  rapid  transients  on  the 
ossicles  with  all  the  individual  differences 
in  ossicular  function  and  the  changes  in 
transmission  through  the  canal  arc  bound  to 
produce  variability.  The  aural  reflex  action 
itseU  is  as  different  as  individuals.  Some 
people  can  contract  the  stapedius  voluntarily. 
We  have  2.  or  3  men  in  our  laboratory  who 
can  produce  ab^  -*  30  dB  of  attenuation  on 
demand. 


There  is  one  last  remark  I  would  like  to 
make  that  I  think  is  extremely  imporUirt. 
Out  of  all  the  work  on  impulse  noise  there  is 
slowly  emerging  the  beginnings  of  a  hazard 
criteria  for  impulse  noise.  If  one  searches 
the  literature  one  will  find  that  all  kinds  of 
criteria  have  been  mentioned  for  steady  noise, 
but  everyone  studiously  avoids  damage  risk 
criteria  for  impulse  noise.  We  are  beginning 
to  seeaway  out  of  the  dilemma  from  work  like 
Dr.  Kryter’s,  Dr.  Fletcher's  and  our  own. 

*  When  the  peaks  in  impulse  noise  .‘each 
140- 14S  dB  one  should  be  sure  ear  protec¬ 
tion  is  available.  Below  this  it  seems  to  be 
an  individual  problem.  Most  people  do  not 
show  much  change  if  the  level  is  below  140 
dB.  At  130  dB  impulse  uoise  produces  very 
little  TTS.  If  we  leave  this  conference  wito 
no  more  than  the  suggestion  that  we  can  do 
something  about  impulse  noise  criteria  it  wiU 
have  been  worth  while. 

Thank  you. 
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A  THE  ENGINEERING  OF  TRAINING  by  Meredith  P.  Crawford,  Human  Resources  Research 
Oftice  (HumRRO),  George  Washington  University,  Washington.  D.  C. 


The  topic  for  this  presentation  "The  En¬ 
gineering  of  Training*’  has  been  chosen  for 
several  reasons.  First,  since  this  is  a  Hu¬ 
man  Engineering  Conference,  Ithought  I  might 
capture  your  attention  by  the  use  of  the  term 
Engineering  As  vou  will  see,  however,  I 
plan  to  use  it  in  a  different  way  than  is  ordi¬ 
narily  understood  in  human  engineering  cir¬ 
cles.  Second,  the  title  was  selected  because 
all  of  us  human  factors  people  in  the  Army 
are  concerned  with  the  fabrication  of  useful 
products  for  the  Army,  and  in  that  sense 
we  are  all  engineers.  Third,  as  I  review  the 
research  and  development  work  done  in 
HumRRO  over  the  past  eleven  years,  I  find 
that  the  concept  of  engineering  is  helpful 
in  clarifying  my  thinking  about  where  we 
have  been  and  where  we  should  go.  Finally, 

I  believe  that  an  examination  of  the  meaning 
of  the  term  engineering  and,  in  parallel,  a 
review  of  the  meaning  of  the  term  research 
may  be  helpful  in  our  consideration  of  the 
areas  in  which  and  the  means  by  which  the 
several  Human  Factors  agencies  and  labo¬ 
ratories  within  the  Army  map  compliment 
and  supplement  each  others*  work  for  in¬ 
creased  benefit  to  the  Army. 

Webster  defines  engineering  as  *  the  art 
and  science  by  which  the  properties  of  mat¬ 
ter  and  the  sources  of  power  in  nature  are 
made  useful  to  man  in  structural,  machine, 
and  manufactured  products**.  I  would  em¬ 
phasize  the  *‘ .  .  .  useful  to  man*  aspect  of 
this  definition  Research,  bv  contrast,  is 
defined  as  diligent  and  systematic  in¬ 

quiry  or  investigation  into  a  subject  in  order 
to  discover  facts  or  principles  .  While  not 
wishing  to  deny  the  ultimate  utility  of  re¬ 
search,  the  contrast  I  wish  to  emphasize 
between  engineering  and  research  is  the  im¬ 
mediate  utility  of  the  final  product. 

The  entire  research  and  development  ef¬ 
fort  of  the  Army  is  concerned  withthedesign 
and  construction  of  both  new  and  improved 
man-machuie  or  man- weapons  systems.  The 
engineers  and  scientists  within  the  R&D  fam¬ 
ily  devote  primary  attention  to  ©no  or  the 
other  of  the  two  kinds  of  components  tothese 
systems  -  h«iruw«««  or  human.  It  is  ap¬ 
parent  that  the  main  effort  and  expenditure 
goes  into  the  hardware  component  because 
revolutionary  breakthroughs  in  physical  sci¬ 
ences  «»nd  the  traditional  branches  of  engi¬ 
neering  nave  markedly  extended  the  capabil¬ 
ities  of  the  hardware  component,  improv_hg 
the  system's  ability  not  only  to  move,  to 
shoot,  and  to  communicate,  but evento  sense, 
to  compute,  to  remember  and  to  handle  in¬ 
formation.  These  gams  in  the  capability  of 
nardware  components  of  systems  have  clearly 
improved  the  effectiveness  of  the  man- 
machine  systems  of  the  Army,  so  that,  for 
example,  the  fighting  soldier  is  no  longer  a 


man-musket  system  with  limited  offensive 
potential  but  is  a  man-missile  system  with 
tremendous  power.  In  view  of  these  remark¬ 
able  advances  in  the  improvement  of  hard¬ 
ware  components,  some  observers  may  be 
inclined  to  ask*  "Is  the  Army  trying  to  fit 
a  relatively  primitive  M- 1  man  to  a  sophis¬ 
ticated  M- 100  piece  of  hardware’" 

We  Human  Factors  people  would  resent 
such  an  observation,  and  rightly  so,  ^*xX  it 
may  be  worthwhile  to  examine  its  implica¬ 
tions  to  review  what  we  have  accomplished 
and  hope  to  achieve.  For  purposes  of  discus¬ 
sion,  let  me  proceed  for  a  few  minutes  with 
an  analogy.  May  I  compare  and  contrast  the 
design  and  production  problems,  if  you  will, 
of  the  hardware  component  and  the  human 
component  of  the  typical  man-weapons  sys¬ 
tem. 

1.  Both  types  of  components  must  be 
designed  in  terms  of  the  purposesand 
limitations  of  the  man-machine  sys¬ 
tem  as  a  whole. 

2.  Both  must  be  designed  to  perform  the 
functions  which  are  allocated  to  each 
in  the  overall  system  design. 

3.  Both  must  perform  within  the  system 
with  a  degree  of  individual  reliability 
that  will  result  m  acceptable  reliabil¬ 
ity  of  the  system  as  a  whole. 

4.  Both  must  be  capable  of  rapid  and 
economical  production. 

Even  to  forestall  your  observation  that 
pressing  this  analogy  bespeaks  a  callous 
and  dehumanizing  point  of  view,  I  will  not 
elaborate  the  obvious  by  listing  all  of  the 
contrasts  between  these  two  kinds  of  com¬ 
ponents.  I  will  only  list  a  few  which  bear 
directly  on  my  topic  of  "The  Engineering 
of  Training:*' 

1.  The  human  component  is  a  member, 
not  only  of  the  man-weapons  system 
specified  in  his  duty  assignment,  but 
also  of  a  number  of  social  systems 
within  and  outside  the  Army. 

Z.  The  human  component  changes  with 
time  as  a  result  of  experiences  which 
occur  within  the  occupational  system 
of  primary  interest  or  in  the  course 
of  his  membership  in  other  systems. 
These  experiences  may  improve  or 
degrade  performance  in  the  man- 
weapons  system  of  interest. 

3.  The  human  component  by  no  mean? 
realizes  his  full  potential  as  a  human 
being  simply  as  a  functioning  com¬ 
ponent  of  a  single  man-machine  sys¬ 
tem.  It  may  be  observed,  however, 
that  the  more  central  or  commanding 
a  role  the  individual  plays  in  a  large 
system,  the  more  nearly  does  hehave 
opportunity  to  employ  his  entire  range 
of  abilities. 
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Having  suggested  these  similarities  and 
differences  between  the  two  types  of  man- 
machine  components,  let  me  carry  the  anal¬ 
ogy  further  by  discussing  the  problem  of 
design  and  production  of  the  human  compo¬ 
nent  for  Army  man-machine  systems.  Few 
men  enter  the  Army  with  all  the  necessary 
knowl>.dges  and  skills  to  assume  immediately 
a  role  in  an  Army  man-machine  system  A 
human  component  needs  to  be  "fabricated 
from  the  raw  material  of  recruit  or  officer 
candidate  The  means  for  this  fabricationor 
production  is  training. 

Logically,  the  design  of  the  component 
should  precede  the  design  of  the  production 
process,  and  component  design  considera¬ 
tions  should  be  limited  by  the  practical 
possibilities  of  the  production  process.  Ide¬ 
ally,  the  designers  of  Army  man-weapons 
systems  should  go  about  their  work  with  the 
full  knowledge  of  the  potential  capabilities 
and  limitations  of  that  sample  of  human 
beings  from  which  the  human  components 
for  the  system  will  be  produced  That  this 
is  not  now  the  case,  at  least  mas  full  a  meas¬ 
ure  as  we  might  desire,  is  due  in  part  to 
our  ov.n  inability,  as  human  factors  spe¬ 
cialists,  to  provide  this  knowledge,  as  well, 
perhaps,  as  lack  of  awareness  on  thj  part 
of  designers  of  what  useful  information  is 
already  available.  Various  efforts  by  all 
Army  human  factors  agencies  are  contrib- 
uting  to  an  improvement  of  this  matter,  but 
to  trace  these  developments  would  be  beyond 
the  scope  of  this  paper. 

So  far,  I  have  introduced  the  terms  engi¬ 
neering  mo  resjarch,  have  compared  and 
contrasted  Ih**  n'.man  and  hardware  compo¬ 
nents  of  the  man-weapons  system,  and  have 
spoken  of  the  difficulty  m  achieving  simul¬ 
taneous  and  equal  consideration  of  design 
problems  of  hardware  and  human  compo¬ 
nents.  I  wish  now  to  outline  a  scheme,  or 
series  of  steps,  for  the  engineering  process 
required  m  building  atiainmg  program  which 
will  produce  a  specific  human  component  for 
a  particular  man-weapon  system.  Of  neces¬ 
sity,  this  schema  has  a  dual  purpose  to 
design  the  human  component  and  to  design 
the  training  process  by  which  the  human 
component  is  produced.  While  the  elements 
of  this  schema  are  not  especially  new  or 
unique,  their  combination  and  specification 
in  this  form  has  been  induced  from  HumRRO 
experience  over  the  past  several  years. 

i  igurc  1  represents,  indiagramalicform, 
a  sequence  of  activities  which  is  required 
in  the  engineering  of  a  training  program. 
While  the  division  of  labor  withui  these  steps 
is  somewhat  arbitrary,  I  believe  they  in¬ 
clude  tna  essential  things  that  have  to  be 
done.  Each  will  be  discussed  in  turn. 
Analysis  of  the  Military  System  from  the 
ihn^^aiTFactorS  Point  of  View, 

The  military  system,  whether  it  is  an 
existing  infantry  squad,  a  contemporary  artil¬ 


lery  battery,  or  a  proposed  '"eapon- system 
,»{ill  on  the  drawing  board,  must  be  anal/zed 
as  the  necessary  starting  point  for  a  de¬ 
termination  of  the  characteristics  required 
of  noth  the  hardware  and  human  compo¬ 
nents.  The  human  factors  aspect  of  the 
analysis  is  the  basis  for  determining  what  the 
individual  man  will  do,  m  each  position,  and 
with  what  equipment  he  will  work.  This 
analysis  forms  the  basis  for  job  specifica¬ 
tions  and  functions  allocation.  It  is  at  this 
system  analysis  step  that  it  should  be  pos¬ 
sible  to  determine  the  relative  contributions 
to  the  performance  of  the  human  component 
which  may  be  made  by  research  in  selection 
and  classification  and  by  what  has  traditional¬ 
ly  been  known  as  human  engineering  as  well 
as  what  must  be  accomplished  throughtrain- 
ing. 

The  balance  of  effort  among  these  three 
kinds  of  human  factors  work  can  be  deter¬ 
mined  during  the  system  analysis.  In  the 
case  of  a  particular  system,  and  a  certain 
available  supply  of  manpower,  the  solution 
may  involve  much  more  effort  along  one  of 
these  three  lines  than  the  other  two.  Thus 
this  system  analysis  from  the  human  factors 
point  of  view  18  1  responsibility  which  should 
be  shared  by  all  Human  Factors  Agencies. 
It  18  also  in  this  step  that  attention  is  given 
to  some  of  those  characteristics  mentioned 
earlier  which  are  unique  to  the  human  compo¬ 
nent  and  result  from  his  membership  in 
several  systems.  For  example,  it  would  be 
determined  whether  or  not  the  people  in¬ 
volved  in  a  particular  system  are  expected 
to  move  about  within  the  system  from  job 
to  job  or  leave  it  for  other  jobs  in  other  sys¬ 
tems.  Thus,  career  development  has  an  im¬ 
portant  bearing  on  training.  Also  in  this 
analysis,  attention  would  be  given  to  the 
general  physical  and  social  environment  in 
which  the  system  is  to  operate,  since  the 
characteristics  of  these  environments  have 
an  important  bearing  on  the  continued  re¬ 
liability  of  performance  of  the  human  compo¬ 
nent.  Doctrine  of  employment  of  the  system 
would  be  considered  as  it  forecasts  extra- 
systemic  influences  on  the  human  component. 

Analysis  of  the  particular  job.  Next, 
out  of  the  analysis  of  the  operational  sys¬ 
tem,  the  particular  job  is  studied  to  de¬ 
termine  the  inputs  to  the  job  from  the  rest 
of  the  system,  and  the  outputs  which  are 
required  from  the  job.  Job  analysis  for 
training  must  be  much  more  detailed  and 
precise  than  that  used  for  descriptions  in 
personnel  classification  manuals.  To  sup¬ 
port  effective  training  programs  it  is  neces¬ 
sary  to  analyse  the  tasks  in  stimulus- 
response  terms  to  determine  the  forms  of 
behaviors  they  require. 

At  this  point  in  the  developmental  se¬ 
quence.  a  division  of  labor  is  introduced. 
On  the  left-hand  side  of  the  figure  are  shown 
the  steps  involved  in  developing  the  cur¬ 
riculum  of  the  training  program  itself,  while 
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the  right-hand  side  pertains  .o  the  mca,9ure- 
ment  of  job  proficiency.  These  efforts  come 
together  in  the  evaluation  step  at  the  bottom. 

Specification  of  knowledges  and  skills. 
Within  "the  parameters  of  required  inputs 
to  and  the  outputs  from  the  job,  the  processes 
by  which  the  individual  makes  these  trans- 
forn  ations  are  identified  Here  the  interest 
IS  to  find  out  what  kinds  of  knowledges  and 
vhat  sorts  of  skills  the  man  has  to  possess 
in  order  to  do  his  work.  Here  we  attempt 
to  “look  inside  the  man,”  in  a  sense,  to  see, 
in  psychological  terms,  what  kinds  of  pro¬ 
cesses -like  sensing,  discriminating,  re¬ 
membering,  deciding,  and  reacting  -  arc  «- 
quired  for  him  to  function  in  the  job.  We 
must  determine  what  must  be  done  and  with 
what  accuracy  and  with  what  speed.  We  need 
ilso  to  find  out  what  c«cs  indicate  that  an 
action  should  b-.  taken  and  what  feed-back 
is  available  '.o  tell  the  man  how  well  the 
task  was  done.  Social  or  inter-personal 
skills  must  also  be  considered  when  the  job 
involves  cross-cultural  communication  or 
crew  coordination  or  leadership.  It  is  es¬ 
pecially  important  tc  determine  here  the 
minimum  number  of  knowledges  and  skills 
which  are  required,  lest  time  be  wasted  on 
training  on  irrelevant,  nice-to- know  informa¬ 
tion. 

Determination  of  training  objectives. 
From  the  knowledge  and  skill  specification, 
and  from  an  assessment  of  the  probable 
content  of  the  repertoires  of  persons  to  be 
trained,  it  is  now  possible  to  state  in  fairly 
precise  terms  the  objectives  of  the  training 
program  as  a  whole.  The  goals  may  be 
limited  to  the  specific  job  or  they  may  c<m- 
tain  e’ements  furnishing  preparatioafor 
jobs  later  m  the  man’s  career.  At  this 
point,  we  consider  the  level  of  proficiency 
which  the  man  is  expected  to  have  at  the  end 
of  training,  a  matter  which  we  will  discuss 
in  the  step  shown  on  the  right-hand  side  of 
the  figure.  Here  again  we  see  the  inter¬ 
action  of  training  research,  selection  re¬ 
search,  and  human  factors  engineermg.  U 
people  can  be  selected  who  already  have  a 
large  number  of  relevant  skills,  training 
time  can  be  reduced.  If  the  operation  of  the 
equipment  can  be  simplified  by  modifications 
of  dials,  meters,  and  controls,  training  can 
be  simplified.  Furthermore,  at  this  point, 
it  IS  possible  to  decide  about  an  optimum 
combination  of  school  and  on-the-job  train¬ 
ing,  S'?  well  as  the  kinds  of  aids,  such  as 
manuals  and  check  lists,  which  will  be  made 
available  for  use  on  the  job. 

Construction  of  the  training  program. 
This  step  involves  the  selection  of  spe¬ 
cific  subject  matter  to  be  used  in  the  cur¬ 
riculum,  the  pre - ^  instruction 

and  the  special  lecnniques  which  may  be 
designed  to  motivate  the  trainee.  Oppor¬ 
tunities  for  practice  may  be  provided  in 
the  form  of  training  devices  and  simulators. 


The  characteristics  of  such  equipment  may 
be  more  accurately  specified  at  this  point 
than  is  often  the  case  'vhen  only  the  char¬ 
acteristics  of  the  hardware  are  taken  into 
consideration.  Included  in  this  '  package  of 
training’’  are  achievement  tests  for  each 
part  of  the  program  which  provide  a  measure 
of  the  student’s  progress  and  are  designed 
to  Keep  up  his  motivation,  Thesetests  meas¬ 
ure  only  the  acquisition  of  knowledges  and 
skills,  and  should  not  be  confused  with  meas¬ 
ures  of  the  total  job  performance,  which  is 
accomplished  by  the  proficiency  test  indi¬ 
cated  on  the  right  of  the  figure. 

It  IS  within  this  step  that  the  most  rapid 
advances  are  being  made  in  the  technology 
of  instruction.  Generalized  principles  ofhu- 
man  learning  are  finding  specific  applica¬ 
tion  in  programming  for  automated  instruc¬ 
tion.  In  preparing  material  for  presentation 
in  teaching  machines,  scrambled  books  or 
other  media  of  self  instruction,  programmers 
are  discovering  that  the  subject  matter  must 
be  examined  very  carefully  to  be  sure  that 
each  frame  is  meaningful  and  relevant  to 
what  the  student  is  learning  to  do.  The 
steps  which  are  outlined  in  this  diagram 
specify  a  method  by  which  such  precision  of 
statement  can  be  achieved. 

Development  of  measures  of  joh  pro^ 
ficiency.  Moving  nowtotheright-handsideof 
the  figure,  we  follow  the  line  from  the  anal¬ 
ysis  of  the  job,  which  specified  outputs  or 
products  of  the  job,  down  to  the  box  labeled 
“Development  of  measures  of  job  profi¬ 
ciency”.  In  concept  these  are  detailed  and 
realistic,  performance-type  tests  of  the  job 
as  a  whole,  and  they  yield  objective,  numer¬ 
ical  scores  which  measure  both  skill  and 
knowledge.  In  so  far  as  possible,  the  test 
situations  simulates  the  inputs  to  the  man 
as  he  would  receive  them  from  his  position 
in  the  military  system,  yet  isolates  him 
from  it  in  order  to  measure  his  individual 
output.  In  building  these  proficiency  meas¬ 
ures,  we  must  seek  military  advice,  espec¬ 
ially  as  to  the  determination  of  acceptable 
standards  of  performance. 

So  far,  we  have  been  able  to  use  only 
global  judgments  by  miliUry  experts  as  to 
minimum  standards  of  proficiency.  As  the 
technology  develops,  we  hope  to  be  able  to 
derive,  from  the  original  system  analysis  m 
a  mathematically  elegant  manner,  the  mini¬ 
mum  proficiency  required  of  each  human 
component  to  provide  acceptable  system  out¬ 
put.  Also  it  IS  desirable,  though  not  yet 
very  feasible,  to  have  this  proficiency  test 
yield  a  measure  of  re  Ixty  of  performance 

over  continuous  oper«.»  .n  within  the  system. 
This  would  probably  require  a  complete  sys¬ 
tem  simulation  rather  than  simulation  of  the 
output  of  a  single  job  and  would  introduce 
several  complications  into  the  measurement 
-f  individual  system  output. 
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Evaluation  of  the  training  program.  Fin¬ 
ally,  at  the  bottom  of  Figuire  1.  the  effec¬ 
tiveness  of  the  new  program  is  evaluated 
by  measuring  the  performance  of  the  repre¬ 
sentative  sample  of  soldiers  trained  under 
the  new  program.  In  some  cases  it  may  be 
a  matter  of  comparing  an  old  with  a  new 
train  mg  program  toward  the  adoption  of  that 
one  which  yields  higher  proficiency  and 
perhaps  at  less  cost  in  time  and  money. 
In  any  event,  it  is  a  necessary  step  in 
determining  the  effectiveness  of  the  entire 
training  procedure  which  has  beendcveloped. 

This  combination  of  steps  now  serves  as 
a  useful  guide  in  planning  those  research  and 
development  activities  which  we  in  HumRRO 
have  come  to  call  ''Individual  Curriculum 
Engineering".  With  the  schema  as  a  frame 
of  reference,  1  would  now  like  to  discuss 
three  topics. 

1.  The  relation  between  research  and 
engineering  in  training  research  and 
development. 

2.  The  points  at  which  this  series  of 
steps  is  most  in  need  of  improvement 
and  elaboration. 

3.  The  points  in  this  schema  at  whichall 
human  factors  agencies  have  a  com¬ 
mon  interest. 

When  we  grant  that  the  principal  business 
of  those  of  us  in  training  research  and  de¬ 
velopment  is  engineering,  we  face  the  very 
interesting  question  of  the  place  of  research 
in  such  an  enterprise.  The  definition  of 
research  used  earlier  emphasises  the  search 
for  general  principles.  These  general  prin¬ 
ciples  are  useful  because  they  relate  to 
concepts  which  can  be  identified  in  many 
situations.  By  contrast,  the  accumulation  of 
experience  in  a  number  of  specific,  in¬ 
dividual  curriculum  engineering  jobs  raises 
the  difficult  question  of  the  extent  of  pos- 
sible  generalization  from  specific  findings 
to  new  problems.  As  we  all  know,  the  main 
difficulty  lies  in  the  fact  that  a  great  many 
variables  are  m  concurrent  operation  in  the 
engineering  study  so  that  the  resultant  is 
dependent  upon  a  particular  mix  of  these 
variables  In  so  far  as  we  can  reproduce 
the  var  ables  in  a  real  Army  training  situa¬ 
tion,  we  can  forecast  that  the  training  program 
we  develop  will  work  in  the  field.  The 
problem  is,  how  can  we  judge  whether  the 
conditions  which  worked  in  one  sit»iatjon  will 
wor'’  inaTiOther’  Sometimesacommcn sense 
guess  turns  out  to  be  correct,  bqt  we  would 
lik<  to  have  a  more  dependable  means  of 
moving  from  one  engineering  finding  to 
another. 

It  appears  tl^at,  for  the  immediate  future, 
we  murt  be  satisfied  to  make  the  best  use 
we  ca-i  of  isolated  observations  oa  the  kinds 
of  treatments  whichhave  worked  in  particular 
situations,  sorting  these  out  os  best  wc  cai* 
and  placing  them  together  in  as  similar  con¬ 
text  as  possible.  It  is  my  belief  that  from 


sorting  e  isolated  relationships  we  find  in 
engineering  studies,  we  will  be  able  to 
identify  certain  areas  in  which  more  general 
relationships  probably  obtain.  From  this 
common  sense  type  of  sorting  we  hope  to  be 
able  to  pose  hypotheses  ^hich  can  be  tested 
under  the  rigorous  conditions  of  research, 
and  should  be  able  to  persue  such  research 
with  some  assurance  that  the  variables  so 
identified  are  important  in  practical  situa¬ 
tions  and  aae  worth  the  labor  of  controlled 
experimentation. 

My  second  topic  corv^erns  how  we  go 
about  improving  the  technology  of  training 
engineering  -  in  the  current  instance,  im¬ 
proving  the  state  'if  the  art  in  each  of  the 
seven  steps.  Our  level  of  expertness  differs 
for  each  step.  I  believe  that  the  most  precise 
technology  exists  for  the  building  of  profi¬ 
ciency  tests  because,  in  large  measure,  this 
IS  a  matter  of  simulating  the  real  operational 
situation.  Limitations  of  equipment  and  ter¬ 
rain  as  well  as  time,  are  the  chief  obstacles. 
Also,  with  some  ingenuity,  objective  ways 
of  recording  and  measuring  behavior  can  be 
invented.  For  the  last  step,  experimental 
evaluation  of  the  training,  statistical  tech¬ 
niques  exist  which  are  adequate,  leaving  only 
some  Iriteresting  questions  about  the  inter¬ 
pretation  of  differences  interms  of  statistical 
significance  and  practical  utility. 

The  technology  for  the  conslruciionoftiie 
training  program  is  by  no  means  complete, 
but  rapid  advances  are  being  made  in  this 
area.  Much  of  the  work  being  done  in  auto¬ 
mated  instruction  is  essentially  of  a  tech¬ 
nological  nature,  and  a  great  many  practical 
findings  are  coming  out  of  the  extensive  en¬ 
gineering  efforts  in  programming.  Thus  the 
technology  of  curriculum  construction  is 
making  real  progress.  Some  more  basic 
research  studies  m  progress  inHumRROand 
elsewhere  having  to  do  with  fundamental 
questions  as  the  absolute  difficulty  of  a  unit 
of  learning  are  also  adding  to  our  Imowledge. 

The  steps  which  are  most  in  need  of 
technological  development  are  the  early  ones 
in  the  sequence:  system  analysis  from  the 
human  factors  point  of  view,  analysis  of  the 
job,  and  specification  of  knowledges  and 
skills. 

I  believe  that  it  is  in  these  areas  that  the 
various  parts  of  the  human  factors  program 
can  be  of  most  assistance  to  one  another. 
This  IS  my  third  topic.  Let  me  elaborate 
on  it.  We  have  all  been  much  concerned  of 
late  as  to  the  methods  of  doing  ananalysis  of 
a  man-weapons  system  from  the  human 
factors  point  of  view.  Fortunately,  a  coop¬ 
erative  effort  in  this  areahasbegununderthe 
direction  of  the  Human  Factors  Research 
Division,  Office  of  the  Chief  of  Research  and 
Development,  Department  of  the  Army,  in 
which  selection  and  classification,  human 
engineering,  and  training  research  people 
are  working  together.  From  such  study  we 
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hope  to  learn  a  great  deal  about  the  kinds  of 
“trade-offs”  that  can  be  effected  between 
the  ways  of  improving  a  system  from  the 
human  factors  point  of  view.  >/c  need  to 
learn  how  to  estimate  costs  in  terms  of  se¬ 
lecting  a  certain  sample  of  the  manpower  pool 
.vith  special  abilities,  versus  the  costs  of 
training  men  with  less  aptitude.  Similarly, 
we  need  to  learn  how  to  estimate  the  produc¬ 
tion  costs  of  various  options  in  hardware 
design  which  options  are  taken  to  facilitate 
the  manipulation  and  control  by  human  beings 
of  limited  background  and  aptitude  char¬ 
acteristics. 

Perhaps  the  most  important  basis  tor 
such  a  system  analysis  is  the  precision  with 
which  a  task  and  skill  analysis  can  be  done. 
These  units  of  behavior  aetermined  by  such 
an  analysis,  constitute  the  common  denom¬ 
inator  between  all  the  human  factors  ef¬ 
forts.  We  need  a  great  deal  more  study  on 
how  to  define  a  unit  of  behavior  and  how  to 
specify  the  cue- response  relations  within  a 
given  task  or  operation.  This  kmd  of  study, 
the  taxonomy  of  behavjo*-,  is  fundamental  to 


the  work  of  all  human  factors  agencies 
In  so  far  as  we  ca”.  make  progress  in  such 
study  and  to  effectively  divide  our  work, 
we  will  be  in  better  position  to  share  data. 
When  we  are  able  to  name  and  classify,  with 
a  common  understanding,  all  sorts  of  compo¬ 
nents  of  military  performance,  we  will  be 
able  to  specify  indices  of  difficulty  of  train¬ 
ing  in  human  component  behaviors,  to  select 
and  classify  with  more  precision,  and  to 
foresee  the  problems  of  adapting  hardware 
components  to  facilitate  fundamental  kinds 
of  behaviors. 

In  summary,  this  presentation  began  by 
citing  various  implications  of  the  term  en¬ 
gineering,  and  iir  discussing  the  engineering 
of  human  and  hardware  components.  By 
elaborating  a  schema  for  the  engineering  of 
training  I  have  attempted  to  specify  things 
which  training  engineers  must  strive  to  learn 
through  collation  of  engineering  findings  and 
fundamental  research,  and  in  addition,  to 
point  out,  within  this  schema,  points  at  which 
all  human  factors  agencies  within  the  Army 
may  plan  profitable  interaction. 


Evaluation  of  the  Training  Program 


B  computer  S.mulation  tn  Humrni  Factors  Research  by  Lee  W.  Gregg,  Carnegie  Institute 
of  Technology.  Pittsburgh,  Pennsylvan.d 


One  important  part  ot  any  research  ef¬ 
fort  IS  to  find  an  appropriate  model  or  way 
of  conceptualiainj!  the  thing  that  i^eing  in¬ 
vestigated.  In  the  physical  sciences  and 
engii  eering,  progress  in  research  can  be 
iir^.cd  very  directly  to  the  development  of 
more  povkerful  mathematical  techniques.  In 
human  factors  :ro8c8rch  many  of  our  most 
powerful  mathematical  tools  fail  us— partly 
because  of  the  nature  of  the  complex  mter- 
actlons  pres'-nt  in  man-machine  system*: 
partly  because  of  the  lack  ofaunlformuimcn- 
sional  structure  for  measuring  man  and 
machine  performance.  The  purpose  of  this 
report  ss  to  relate  sbmerrece.ntdovelcpmants 
»i  computer  technology  to  the  problem  of 
describing  man- machine  systems  of  the  sort 
that  human  -factors  specialists  might  en¬ 
counter.  ^  .  *1.  j.. 

Human  factors  problems  ariso  in  the  de¬ 
sign  and  development  of  man-machine  sys¬ 
tems  in  tv/o  ways.  The  first  calls  for  an 
understanding  of  uniquely  payc.nological  as¬ 
pects  of  human  performance.  Man,  as  one  of 
several  components  of  a  larger  ayitem.  Is 
abls  to  pvtfortft  »  raricty  of  actions  that 
depend  on  hi*  perceptual  or  intellectual 
c-^pacities.  How  best  to  specify  precisely 
what  the  functions  are  sotnatfunctionalloca- 
tlon— the  division  of  effort  botween  man  and 
machine  components— can  be  made  appro¬ 
priately  le  the  Source  of  innumorablospeciflc 
questions.  We  have  only  pa.tial  answers  to 
these  questions  even  though  much  of  experi¬ 
mental  psychology,  bolh  individual  and  social, 
and  the  special  intorc*t«  of  engineering 
psychology  deal  with  the  same  set  of  ques¬ 
tions. 

A  second  soucc  of  human  factor*  prob¬ 
lems  comes  about  when  we  treat  the  human 
component  of  the  system  as  a  biological, 
rather  than  a  peychological  entity.  Human 
tolerance  to  stress,  adverse  environmenta. 
conditions,  or  simply  to  worn  and  effort 
detecmine  the  limits  of  performance  of  a 
human  as  an  individual  systems*  component 
and,  hence,  the  limits  of  whole-system  per¬ 
formance.  Here,  the  purely  sensory  and 
motor  capabilities  of  man  and  his  physiologi¬ 
cal  reactions  to  trauma,  mhoth  brief  and  pro¬ 
longed  expos»’re,  make  up  theproblemareas, 

Whelhsr  oir  research  goals  lead  us  to 
consider  cither  psychologicalmanor biologi¬ 
cal  man,  the  focus  for  the  solution  of  human 
factors  problems  is  in  finding  a  way  to 
represent  complex,  interacting  relationships 
involving  human  behavior  and  a  changing 
environment.  Usually,  one  part  of  the  en¬ 
vironment  is  composed  of  other  units— other 
men  or  machines— so  that  the  behavior  of 
Interest  is  that  of  the  composite.  The 
changes  that  occur  do  so  as  a  function  of 
time. 


These  facts  lead  us  to  the  following 
statement  of  the  requirements  for  under¬ 
standing  what  a  system  is  and  how  it  works. 

1.  The  model  should  be  able  to  predict 
or  generate  “instantaneous”  values  of  com¬ 
posite  behavior  during  the  time  that  the 
system  is  being  studied. 

Z.  The  model  should  be  able  to  show  the 
relative  contributions  of  component  behaviors 
and  their  separate  relationships  to  the  -om- 
poslte  behavior. 

3.  The  model  should  provide  a  structure 
of  Butficient  generality  that  behavioral  pi  e- 
dictions  from  it  are  possible  in  a  chani;ed 
systems'  environment  and  with  changes  in 
the  systems  components  and  their  configura¬ 
tion. 

Models  of  Systems. 

Systems  behave  Intime.  This  is,  perhaps, 
the  k^y  aspect  ol  system  theory  that  imposes 
limitations  on  the  choice  of  available  models. 

If  the  system  is  simple  enough  and  the  be- 
havivr-to  be  predicted  by  the  model  is  well 
understood,  it  may  be  possible  to  write  the 
differential  equations  that  rigorously  express 
changes  in  performance  a*  a  function  of  time. 
*WuU  understood'  behavior  implies  dimen¬ 
sionality  in  space,  time,  and  mass  units  of 
conventional  physical  measurement. 

There  are  a  few  ways  m  which  we  can 
cheat  a  Uttlc  on  our  understanding  of  sys¬ 
tem's  behavior,  but  apparently  retain  rigor 
in  a  mathematical  model  of  the  system,  -f 
changes  in  the  system^s  components  are 
slow  enough,  assuming  a  “steady-state  may 
make  it  possible  to  use  constant  coefficients 
and  sets  of  linear  equations  from  which 
response  to  time  varying  Input#  can  be  pre¬ 
dicted.  Why  IS  this  cheating’  Breaking  the 
problem  into  a  series  of  discrete  stages  is 
not  cheating,  but  glossing  over  the  mech¬ 
anism*  that  lead  to  non-hneanties  is.  Ide¬ 
alised  models  may  be  constructed  where 
known  functional  properties  of  the  system 
»rc  ignored.  Weather  analysis  and  predic¬ 
tion  today  IS  moving  into  this  stage  of  ex¬ 
planation.  Of  about  seven  known  equations, 
only  two  or  three  actually  enter  into  numer¬ 
ical  prediction  (or  idealized  parcels  of  rela¬ 
tively  high  altitude  air  masses.  In  the  ex¬ 
treme,  focusing  attention  on  input-output 
relationships  that  have  been  empirically 
obtained  may  make  it  possible  to  describe 
the  transfer  functions  of  a  system.  Through 
experimental  analysis,  useful  results  maybe 
achieved,  but  these  expressions,  since  they 
completely  ignore  the  mechanisms  by  which 
behavior  is  produced,  can  scarcely  be  con¬ 
sidered  model#  of  the  systems. 

The  bulk  of  the  stlmulus-response  rela¬ 
tionships  in  the  psychological  literature  rep¬ 
resent  “theory"  inthisform.  Thesepsycho- 
logical  laws,  however,  imply  still  another 
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approach  to  modeling  complex  sustems.  In 
contrast  to  the  exact solutionsofacompletely 
deterministic  model,  probabilistic  models 
invoke  random  variables  to  describe  the  ex> 
pected  values  of  effects  produced  by  sub* 
units. 

Of  course,  it's  entirely  possible  that 
som'j  very  basic  physicological  or  psycho¬ 
logical  mechanisms  can  best  be  described 
in  probabilistic  terms.  But,  intuitively, 
the  modeling  of  an  artificially  created  sys¬ 
tem— one  that  18  designed  and  developed  to 
achieve  specific  goals— should  be  determin¬ 
istic  rather  than  probabilistic.  After  all,  an 
evaluation  is  directed  toward  this  particular 
system's  performance,  not  the  average  per¬ 
formance  of  several  systems  alike  in  some 
respects,  but  different  in  others.  This  in¬ 
tuitive  conception  has  clinical  overtones. 
We  want  to  know,  in  so  far  as  is  possible,  how 
one  particular  unit  behaves  in  contrast  to  a 
statement  of  the  form  that  60  per  cent  of  the 
defined  population  will  exhibit  such  behavior. 
All  of  our  engineering  training  argues  that 
system  design  should  incorporate  unre¬ 
liable  components  that  perhaps  will  function 
as  expected  at  a  specified  time,  perhaps  not. 
The  involved  and  evolved,  not- so- artificial 
human  may  exhibit  behavior  that  is  intuitively 
less  deterministic.  Yet,  it  appears  that  we 
too  often  are  ready  to  plug  in  a  random 
generator  rather  than  attack  the  «oarces— 
some  of  them  quite  well  established— of 
variability.  The  computer  slmulationmodels, 
it  will  be  argued,  provide  a  tool  for  under¬ 
standing  that  should  make  it  easier  for  us  to 
incorporate  deterministic  mechanism  more 
elaborate  than  ever  before  intoour  own  think¬ 
ing  about  complex  systems. 

Computer  Simulation  Models. 

The  new  developments  in  computer  tech¬ 
nology  have  little  to  do  with  improved  hard¬ 
ware.  The  important  achievements  emerge 
from  innovations  in  the  programming  of  com¬ 
puters.  The  invention  of  regional  and  sym¬ 
bolic  addressing  conventionsandthedevelop- 
ment  of  translation  facilities  (pseudo  codes 
and  compilers)  have  increased  the  power  and 
capabilities  of  the  machines  largely  by  making 
it  possible  for  programmersto  conceptualise 
ways  of  solving  more  and  more  difHcult 
problems. 

One  basic  idea,  however,  stands  out.  The 
computer  simulation  models  of  the  sort  we 
will  be  concerned  with  owe  their  existenceto 
the  simple  fact  that  the  symbolic  manipula¬ 
tions  carried  out  by  the  computer  need  not  be 
numerical,  arithmetic  operations  but  can  be 
any  processes  for  which  rules  can  be  speci¬ 
fied.  The  symbols  need  not  be  numbers.  After 
all,  the  circuitry  of  the  machine  simply  pro¬ 
vides  a  format  for  representing  numbers  in 
the  first  place. 


Non-numeric  data  units  with  structure  and 
pattern  can  be  def.ned  and  processes  for 
modifying  the  structure,  adding  to  it  or 
eliminating  elements  from  it,  devised.  Just 
as  the  machine  can  be  made  to  store  the 
number  10,  by  certain  conventions,  it  can  be 
made  to  remember  that  the  color  of  an  apple 
IS  red.  The  problem  was  to  find  convenient 
ways  to  do  this  and  one  solution  was  the 
creation  of  a  class  of  "list"  languages. 

Informationprocessing  Language- V(IPL- 
V)  IS  the  first  of  these  languagestoappear  in 
published  form  for  general  use  (Newel,  et  al, 
1961).  The  language  prescribes  a  set  of 
processes  and  the  data  term  formats  for 
creatmg  larger  data  units  that  a  single 
number.  The  list  structures  enable  us  to 
describe  an  object— any  object.  The  red 
apple,  for  example,  would  have  a  name. 
Associated  with  the  name  is  a  description 
list  where  we  could  find  that  the  value  of  the 
attribute  "color  of  this  object"  is  "red".  If 
we  wished  to  associate  further  information 
with  the  object,  we  might  add  another  property 
to  the  description.  The  value  of  the  attribute 
"edibility* '  for  this  red  apple  is  ‘  'good  to  eat". 
Another  apple  with  a  different  name  might 
be  a  green  apple  and  we  might  find  by  search¬ 
ing  its  description  list  that  it  is  "not  good  to 
eat".  With  the  information  processing  tools 
that  IPL-V  gives,  we  could  represent  the 
task  of  sorting  all  the  apples  m  the  machine 
into  two  piles— one  for  munching  and  the 
other  for  green  apple  pie. 

The  program  that  we  might  write  to  do 
this  would  be  an  exact  description  of  a 
specific  sequence  of  steps;  an  exact  state¬ 
ment  of  the  information  processing  indicating 
wliat  tests  are  performed,  the  way  that  apples 
are  "noticed",  "discriminated",  and,  if  we  so 
chose,  the  way  the  apples  are  "picked  up"and 
laid  down  in  particular  locations  of  the  grow¬ 
ing  piles.  The  program  could  be  a  theory  of 
perceptual-motor  behavior  as  elaborate  ^th 
respect  to  environmental  circumstances  and 
as  detailed  with  respect  to  the  sorters’  actions 
as  desired. 

The  early  work  with  computer  simulation 
models— the  work  out  of  which  the  IPL-V 
language  grew— was  that  of  Newell,  Shaw, 
and  Simon  (1956,  1957,  1958a,  1958b,  1959). 
An  Overview  of  this  work  was  given  by 
Reitman  (1959). 

What  follows  is  an  attempt  to  show  that 
certain  human  factors  research  problems 
are  amenable  to  attack  through  the  theoreti¬ 
cal  framework  that  the  computer  simulation 
models  provide.  Three  problem  areas  will 
be  discussed  and  the  simulation  techniques 
briefly  described.  The  first  example  is  one 
for  which  an  operational  computer  simulation 
program  now  exists.  The  problem  is  one  of 
human  cognitive  behavior  in  a  problem  solving 
task.  It  representsthepurely  "psychological 
man"  aspect  ofhuman  factors  research.  The 
second  and  third  examples  have  not  as  yet 


242 


been  simulated;  the  "theories"  have  not  been 
worked  out  in  sufficient  detaiL  These  ex¬ 
amples  fall  into  the  “biological  man  class 
of  human  factors  problems^  although  the 
second  example,  one  of  sensory-motor  per¬ 
formance  in  a  visual  detection  situation,  is 
highly  influenced  by  cognitive  mechanisms 
usMally  associated  with  the  higher  mental 
processes.  The  third  example  has  to  dowith 
human  tolerance  to  deceleration-to  crash 
forces  resulting  from  light  aircraft  acci¬ 
dents.  It  is  entirely  concerned  with  biologi¬ 
cal  man  since  the  organism  is  a  completely 
passive  component,  m  the  psychological  sense 
if  not  in  the  physical  sense. 

Computer  Simulation*  Human  Cognitive  Func¬ 
tion 

F  V  Taylor  expressed  concern  over  the 
uneveneU  of  productivity  in  engineering  psy¬ 
chology  that  seemed  to  be  a  function  of  the 
kind  of  man- machine  system  that  was  under 
investigation.  He  noted  that  great  progress 
had  been  made  in  the  analysis  of  closed- 
loop  control  systems  and  went  on  to  say 

^‘Thus  it  seems  to  have  happened  that 
when  the  engineering  psychologist  needed  a 
model  for  the  man  as  an  element  in  a 
tracking  or  control  system,  he  found  one 
ready  made.  But  for  the  other 
men  play  in  systems,  no  equally  fruitful 
models  have  been  developed...What  mandoes 

have  to  do,  in  addition  to  controlling,  is  to 
collect  information,  filter  it,  store  it.  evaluate 
it.  and  apply  rules  to  it;  in  other  words,  he 
has  to  make  decisions  and  think.  And  for 
these  processes  there  are  no  adequate 
neering  models  because  we  do  not  know  enough 
about  decision  making  and 
them  to  mathematical  logic.-.  (Taylor,  I960) 


The  ready-made  model  to  which  Taylor 
referred  was.  of  course,  servo-mechanism 
theory.  The  kinds  of  systems  that  seemed 
left  out  were  the  open-loop  systems  or 
those  systems  where  the  feedback  is  essen¬ 
tially  discontinuous.  And  for  the  broad 
areas  of  human  thought  and  decision-making, 
there  was  a  theoretical  void. 

A  small  step  toward  filling  this  void  is 
illustrated  by  the  first  example  of  a  labora¬ 
tory  task  for  which  parallels 
tern’s  control  can  be  found.  The  Js  face  a 

panel  on  which  fourtwo-positionswitchesarc 

Above  the  switches  is  a  ^sb- 
bultoi.  and  above  the  push-button  is  a  light. 
Some  combination  of  the  switch  positions- a 
setting- will  permit  the  light  to  come  on  when 
the  push-button  switch  is  depressed.  A 
.eauvnee  of  diffor.nt  ■»  "’'J 

establish  a  problem.  In  the  abstract,  these 
problems  involve  search  and  discovery.  For 
sequences  unth  certain  repeating.  systeiMtic 
properties,  the  S  must  collect  information, 
store  it.  evaluate  it-all  of  the  activities 
Taylor  mentioned. 


The  computer  simulation  program  is 
constructed  by  obtaining  protocols  of  indi¬ 
vidual  Ss  performing  the  task,  analyzing 
the  response  sequences  m  terms  of  the  ways 
Ss,  represent  the  machine  environment  and 
apply  previously  acquired  concepts  P«f- 
forming  the  task  (Laughery  and  Gregg,  1961). 

A  theory  of  human  problem  solving  behavior 

IS  a  collection  of  information  processes  and 

the  data  units  on  which  these  processes  act 
arranged  in  the  form  of  a  computer  program. 

A  computer  given  the  same  problem  sequence, 
the  same  “environment”,  and  the  program  as 
input  simulates  the  behavior  ofthe  human.^ 
by  producing  responses— switch  settings  gen* 
crated  according  tothe  processing  rules.  The 
prediction  is  for  an  individual  S,  and  the 
ultimate  criterion  is  that  every  setting  that 
S  tries  should  be  produced,  in  correct  se¬ 
quence,  for  the  same  reasons. 

Tests  of  the  model  arc  made  by  compar¬ 
in'  the  trace  of  the  computer  on  different 
problems  and  under  changed  conditions  of 
presentation.  Weexpect£urtherthatgen«al- 
itv  in  the  information  processes  will  extind 
across  different  5*  similar  background 
and  experience. 

r:o  comparisons  with  alternative  models 
IS  possible  because  no  other  theor  a.  e. 
hunwn  cognitive  behavior  exist  that  even 
approach  the  level  of  discourse  implied  by 
the  simulation.  However,  certain  statemente 
can  be  made  about  the  simulation  model 
itself  and  its  relevance  to  complex  man- 
machine  systems. 

First,  the  model  traces  behavior  over 
time.  It  does  so  for  composite  as  well  as  for 
component  behavior.  The  states  of  both  the 
hunan  operator  and  of  the  physical  piece  of 
laboratory  equipment  can  be  sampled  through- 
out  the  simulation.  "Instantaneoua  values 
of  variables  are  not  reproduced,  the  com- 
puters  are  high  speed  digital  machines.  But 
one  premise  for  which  we  have  considerable 
evidence  is  that  the  human  machine  is  not 
really  continuous  anyway.  Any  system  s 
relevant  behavioral  variable,  except  time, 
can  be  obtained  from  the  trace, 
note  that  the  task  is  serial.  What  if  we  were 
certain  that  the  phenomena  underlying  a 
particular  piece  of  complex  behavior  were 
;  parallel  in  time’  This  is  a  difficult,  but  not 
insurmountable  problem  for  simulation.  Since 
the  simulations  do  not  pretend  to  be  real 
time  simulations,  as  long  as  discrete  i^'n.s 
I  in  the  system’ s  flow  diagram  could  be  identi- 
1  fied  where  parullel  processes  converge,  per- 
1  haps  providing  several  inputs  to  stiUanothor 
,  process,  it  should  be  possible  to  represent 
.  whole  systems  performance.  In  the  same 
r  vein,  paced  in  contrast  to  self-^ced  tasks 
C  require  that  nodes  he  defined  where  ‘nt^- 
'  ruption  or  transfer  of  control  occur.  We 

s  have  one  such  program  that  handles  the 

learning  of  nonsense  syllables  presented  as 


on  a  memory  drum  at  a  constant  rate  per 
syllable  (Feigenbaum,  1961). 

Computer  Simulation  Human  Sensory  and 
Perceptual  Mechanisms. 

Human  operator  performance  in  visual 
tasks  IS  frequently  of  interest  in  human 
factors  research.  Many  different  kinds  of 
machines  provide  visual  displays  that  a 
human  operator  must  monitor  to  detect 
targets,  identify  them,  or  interpret  their 
significance.  The  research  questions  may 
have  to  do  with  changes  in  performance  over 
time  as  in  the  vigilance  tasks,  with  the  com¬ 
plexity  or  structure  of  input  stimuli,  the 
spatial  or  temporal  relationships  between  the 
inputs  and  the  responses  required,  or  simply 
the  sensory  limits  as  a  f..nction  of  conditions 
of  viewing  the  display.  When  there  are 
multiple  display  units,  the  perceptual  phe¬ 
nomena  become  exceedingly  complex  (Karn 
and  Gregg,  1961).  Questions  about  time 
sharing  and  scanning,  and  the  modification  of 
these  through  experience  with  the  task  become 
critical. 

For  the  simplest  of  visual  tasks,  detection 
of  single  targets  in  a  relativelyhomogeneous 
field,  enough  is  known  that  some  alternative 
ways  of  modeling  the  behavior  are  available 
(Tanner  andSwets,  1954,Swets,  196l:Mo8ier, 
C,  L,  1940).  None  of  these  theories  yields  a 
moment-to-moment  behavioral  trace  of  per¬ 
ceptual  performance.  However,  it  is  none 
the  less  possible  to  incorporate  features  of 
both  of  these  alternatives  into  a  singlemodel 
for  a  rather  particular  case  of  visual 
detection. 

Suppose  that  in  a  series  of  discrete  pres¬ 
entations  the  target— stimulus  to  be  detected— 
IS  presented  randomly  but  with  the  constraint 
that  in  a  block  of  presentations,  the  target 
occurs  just  half  of  the  time.  Next,  suppose 
that  we  are  able  to  manipulate  the  conditions 
of  viewing  so  that  visibility  of  the  target 
ranger  from  zero  to  “perfect”  visibility, 
and  t.‘  avoid  the  parametric  form  of  the 
equations,  consider  this  change  in  visibility 
to  be  linear  with  respect  to  successive 
presentations  in  time.  Thus,  the  observer 
would  be  required  to  report  the  presence 
or  absence  of  the  target  as  it  becomes 
progressively  easier  to  detect.  However, 
the  target  would  not  always  be  present  but 
would  appear  with  a  specified  probability 
unknovTi  to  the  observer  at  the  outset. 

Drawing  from  classical  psychophysical 
*nd  test  theory,  we  can  propose  that  the 
probability  of  reporting  that  the  target  is 
present  is  equal  to  the  probability  of  a  “true” 
report  of  a  target  that  has  been  presented 
plus  errors  that  are  a  function  of  certain 
biasing  -nechanisms.  The  first  is  similar  to 
the  response  bias  of  the  Tanner  and  Swets 
model  and  is  made  a  function  of  the  rate  of 
change  in  vis.bil.ty.  The  second,  thrown  in 


for  good  measure,  is  an  inertial  bias  that 
depends  on  the  second  derivative  of  visibility. 
The  result  is  a  familiar  differential  equation 
from  which  the  theoretical  probabilities  of 
reporting  the  presence  of  the  target  when  the 
target  is  in  fact  present  (correct  responses) 
and  when  the  target  is  absent  (errors  of 
commission  or  false  positives)  can  be  de¬ 
rived,  The  linear,  second-order  equation 
is  of  the  form. 

Pr  *  ^  Pr  +  Pr  =  Ps 

where:  L  is  the  inertial  or  lag  coefficient; 
B  IS  the  responses  bias  coefficient;  pr  is 
the  probability  of  a  “true”  detection,  and, 
Pj  IS  the  probability  of  target  occurrence. 

Beyond  the  fact  that  this  model  fits  some 
data  rather  nicely,  it  is  an  interesting  one 
to  compare  with  computer  simulationmodels 
for  the  same  class  of  behavior.  The  model 
does  predict,  on  a  probability  basis,  the 
insta'itaneous  values  of  the  composite  behav¬ 
ior.  Since  it  represents  a  closed  response 
system,  the  probabilities  of  the  biased  re¬ 
sponses  are  clearly  linked  to  the  composite 
result.  The  model  has  some  generality  since 
it  works  over  a  range  of  input  probabilities 
and,  hopefully,  will  work  when  experimental 
operations  are  used  to  modify  the  initial 
values  of  the  biasing  coefficients. 

A  computer  simulation  model,  starting 
with  the  same  data,  might  contain  the  same 
basic  mechanisms— a  testprocess  for  “true” 
detection,  a  response  bias  process  that  is 
modified  through  information  feedback  that 
changes  the  value  of  an  attribute  in  keeping 
with  the  recent  changes  in  the  stimulus,  and 
another  to  represent  the  inertia  in  the  re¬ 
sponse  system.  These  processes,  together 
with  a  response  evocation  mechanism  and  a 
test  that  compares  ^s  simulated  response 
with  the  actual  state  of  the  stimulus  on  a 
given  presentation,  would  be  about  all  that 
is  necessary  to  achieve  the  same  results 
that  the  differential  equation  would  give.  In 
fact,  the  simulation  model  could  be  very 
little  more  than  a  model  for  computing  the 
discrete  values  of  the  continuous  mathemati¬ 
cal  expression. 

Clearly,  the  simulation  model  must  be 
prepared  to  offer  more  than  a  computational 
algorithm.  Perhaps  the  quickest  way  to 
show  where  the  two  approaches  split  apart 
IS  by  introducing  just  one  additional  compli¬ 
cation  to  the  experimental  plan  in  which  the 
observed  responses  are  obtained.  Let  this 
complication  be  an  independent  information 
source  that  aperiodically  “warns”  the  ob¬ 
server  of  imminent  changes  inthe  proportion 
of  targets  that  will  be  presented  inan ensuing 
time  period,  but  does  not  always  do  so.  The 
effect  of  this  modification  on  the  differential 
equation  would  be  disasterous.  No  longer 
would  the  coefficient,  L,  be  '■onstant.  There 
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would  be  httle  hope  for  any  reasonable  solu¬ 
tion  exceptthroughdetermimngthestafcistical 

properties  of  the  auxiliary  information 
source.  On  the  other  hand,  it  is  possible 
to  imagine  the  construction  of  the  mechanisms 
by  which  the  psychological  set  of  the  human 
ooerator  is  changed  upon  recciyingthe  warn¬ 
ing  signal  so  that  he  “expects  the  changes 
and  IS  ready  to  cope  wih  them  Further,  we 
would  expect  rather  marked  changes  m  the 
way  the  observer  attended  to  tne  ensuing 
series  of  targets  and  the  ways  that  he  tried, 
in  oarticular.  to  determine  the 
the*  change  and  to  estimate  the  pro..3bility 
of  occurrence  of  the  targets. 

There  are  other  possibilities  having 
routhly  the  same  consequences.  Fatigue 
decrements  (Gregg,  1961).  learning  effects 
(Karn  and  Gregg.  1961).  a  variety  of  fairly 
obvious  psychological  or  physiological  phe¬ 
nomena  ivou'.d  be  beyond  the  potential  of  the 
mathematical  model,  and  yet.  »ould  be  con¬ 
sistent  with  the  proposed  simulation.  The 
point  need  not  be  labored.  We  all  know  how 
easy  it  is  to  write  equations  that  cant  be 
solved.  The  phenomena  implicit  in  human 
behavior  and  complex  machine  systems 
quickly  transcend  our  current  mathematical 
tools. 

Computer  Simulation  Crash  Injuries  m 
Lightplane  Aceidents~ 

The  third  example  of  a  humanfactors  re¬ 
search  problem  isaproblemofdescribingthe 

dynamics  of  an  exceedingly  complex  evei^. 
The  problem  centers  on  the  prediction  of 
injuries  to  the  human  occupant  of  an  aircraft 
subjected  to  the  rapid  decelerations  of  a 
crash. 

One  approach  to  the  analysis  of  accidents 
is  to  define  some  variables*  degree 
of  injury  to  the  occupant;  impact 
such^as  velocity  and  angle,  other 
related  to  the  terrain  ! 

aircraft  Then,  cither  through  controlled 
crash  tests  or  field  investigation 
dents,  data  can  be  obtained  from  which  the 

relationships  among  ^^’^cSf.tical 

the  injury  variables  are  derived.  5'*\**'?f*^ 
analvses"(Gregg  and  Pearson.  1961  show 
that  sevsn  or  moro  typos  of  “P"* 

#,..tnr<i  are  important  »n  predicting  jusi 
one"  ross  output  variable,  degree  of  injury, 
prediction  from  field  observations  is 
lol  V.  r/good  even  then.  Notice  thaUhis  ap- 
p.-oach  is  very  similar  to  the 
rosponso  input-output,  idoas  *»<=»«'<*  '"- 
licr  T  -o  multivariate  prediction  model  can 
serve  as  -n  evaluation  device  to  compare  the 
resui.s  of  different  experiments  where  air¬ 
craft  ccsign  and  occupant  tie-do-ra  links  are 
varied  The  statistical  distributions  of  the 
variables  arc  also  of  interest  in  their  own 
right.  Dut  such  an  approach  does  not  pro¬ 
vide  the  detailthat  could leadtorecommenda- 


tions  of  design  changes  for  engineers  who 
might  wish  to  build  more  crashworthy  air- 

^^^Well,  back  to  the  differential  equations. 
Using  data  from  a  variety  of  studies  of 
human  toler«iiice  to  deceleration,  ii  has  «cc.. 
possible  to  conceptualize  a  mechanical  model 
of  the  restraint  system  and  the  occupant,  and 
with  certain  assumptions  about  stiffness  and 
elasticity,  to  work  through  a  mathematical 
model  for  computing  forces  in  the  spinal  and 
transverse  modes  of  application.  One  en¬ 
gineering  firm  offers  us  ananalogue  computer 
that  will  yield  a  physiological  index  as  the 
output  measuee  for  any  arbitrary  decelera- 
tiqn  input.  The  problem  now  becomes  that  of 
prescribing  the  input  to  the  system  at  the 
point  where  the  crash  forces  are  applied.  But 
what  should  these  inputs  be’  What  of  the 
interaction  of  the  transverse  and  spinal  force 
vectors:  and  of  the  many  kinds  of  injury  that 
are  caused  independently  of  the  restraint 
system  properties’  Each  of  the  serrate 
approaches  has  something  to  offer,  but  we 
still  seek  a  more  general  picture,  a  more 
inclusive  picture,  of  the  behavior  of  the  air¬ 
craft  and  Its  occupant  during  the  crash. 

The  feasibility  of  a  computer  simulation 
of  tho  crash  dynamics  rests  in  part  on  bein§ 
able  to  define  what  we  mean  be  ^havior 
in  information  processing  terms.  The  rele¬ 
vant  behavior,  we  think,  is  the  transmission  of 
forces  through  the  aircraft  and  occupant 
structures.  The  imtial  impact  energy  is 
dissipated  in  the  progressive  destruction  or 
damage  that  ensues.  The  core  of  the  simula¬ 
tion  model  IS  a  process  that  takes  as  injwt 
information  about  the  structural 
which  It  acts  and  an  energy  vector  applied  to 

that  unit.  Theproccssdissipatestheabsolute 

magnitude  of  the  energy  and  transforms  the 
vector  for  input  to  the  next  unit. 

Identifying  the  “structuralunits  nowbe- 
comes  critical  for  developing  the  model. 
Engineering  analyses  of  common  makes  and 
models  of  light  aircraft  are  being  made  to 
determine  major  structural  components,  it 
IS  obvious  that  not  every  item  that  appears 
in  a  parts  manual  will  qualify  as  a  structural 
unit  It  IS  less  obvious  that  the  independent 
engineerig  studies  will  produce  a  small 
enough  number  of  them  to  fit  a  modern  com- 
pyt^r.  In  any  event,  the  initial  attempts  in 
programming  a  simulation  mode*  will  follow 
simplified  schematic  diagrams  that  indicate 
the  \iays  the  units  are  linked. 

At  this  point,  we  are  still  missing  the 
information  that  is  the  most 
of  the  simulation.  How  does  the 
dissipation  process  “know  what  to  do 
What  are  the  rules  for  transforming  energy 
The  consequences  of  energy  -usorption  in 
the  aircraft  structure  is  damage.  Consider 
I  the  following,  very  crude  example.  Given 
an  aircraft  of  a  particular  design,  » 
landing  may  or  may  not  lead  to  the  collapi 
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of  the  landing  gear.  If,  however,  the  gear 
collapses,  a  senes  of  alternatives  are  pos¬ 
sible  Among  the  alternatives  are  varying 
degrees  of  damage  to  the  underside  of  the 
fusilage.  Force  transmitted  through  the 
major  structural  components  must  be  as¬ 
sociated  with  each  alternative  pattern  and 
degree  of  damage.  The  data  units  of  the 
computer  program  will  specify,  as  attributes 
and  values  for  each  structural  unit,  alterna¬ 
tive  outcomes  from  which  magnitude  and 
direction  of  forces  can  be  derived.  The 
energy  dissipation  process  applies  a  series 
of  logical  tests  to  accomplish  its  task. 
Just  as  the  simulations  of  cogmtive  be¬ 
havior  in  humans  was  based  on  subject 
protocols  and  traces  of  ongoing  behavior, 
the  development  of  the  crash  dynamics  pro¬ 
gram  have  objective  data  to  draw  upon. 
High-speed  motion  pictures  and  accelerom¬ 
eter  traces  obtained  in  the  crash  testing 
program  sponsored  by  the  U.  S.  Army 
Transportation  Research  Commai^  will  be 
the  source  of  these  data. 


Conclusion 

Perhaps  the  three  examples  are  suffi- 
ciert  to  show  that  computer  simulation  models 
are  potentially  useful  conceptual  schemes 
for  the  analysis  of  complex  systems.  The 
early  successes  of  the  technique  inproviding 
models  of  intelligent  behavior,  the  broad 
span  of  human  and  machine  activity  that  the 
simulation  programs  can  encom^ss,  the 
mere  fact  that  human  and  machine  behavior 
can  live  side  by  side  within  the  context  of 
one  of  these  programs,  all  of  these  argue 
for  the  fruitfulness  of  the  approach. 

Over-riding  the  differences  in  the  several 
examples  is  a  particularly  compelling  idea. 
Models  of  complex  systems  should  be  as 
elaborate  as  they  need  to  be  to  account  for 
known  mechanisms  that  play  a  part  in  pro¬ 
ducing  behavior.  This  research  strategy 
implies  that  our  knowledge andunderstanding 
will  increase  faster  if  we  broaden  the  scope 
of  our  explanatory  efforts  thanifwe narrowly 
pursue  measurements  of  isolated  fragments 
of  behavior. 

It  is  obvious  that  the  expenditure  of  effort 
in  writing  the  computer  simulation  programs 
18  sub,<»i..;xal.  The  exislcnceofthetechmque 
,:ocs  not  guarantee  fast  or  easy  solutions  to 
all  of  the  problems  of  human  factors  research. 
It  should  also  be  clear  that  the  issue  is  not 
that  these  information  processing  systems 
replace  the  creative  efforts  of  the  research 
worker.  What  the  computer  simulations  do 
guarantee,  however,  is  a  means  for  elaborat¬ 
ing  our  conceptualirations  of  behavioral  phe¬ 
nomena  and  for  testing  the  hypothesized  proc¬ 
essing  mechanisms  once  they  are  conceived. 


Feigenbaum,  E,,  1961.  The  simulationof 
verbal  learning  behavior,  Proceedings  of  the 
1961  Western  Joint  Computer  Conlerence, 
pp.  121-132,  May. 

Gregg,  E.  W.  and  Pearson,  R.  G.,  1961, 
Factorial  structure  of  impact  and  damage 
variables  in  lightplane  accidents,  Human 
Factors,  pp.  237-244. 

Gregg  U  W.,  1961.  Psychological  evalua¬ 
tion  of  -'ork  capabilities.  Arch  Environmen¬ 
tal  Health.  Vol.  2,  pp.  335-338. 

Karn,  H.  W.  and  Gregg,  L.  W,,  1961. 
Acquisition  of  perceptual  responses  as  a 
function  of  loading,  location,  and  repetition, 
J.  exp.  Psychol.,  Vol.  62,  14-23. 

iJaugheryTTC.  R.  and  Gregg,  L.  W.,  1962, 
Simulation  of  human  problem-solving  be¬ 
havior,  Psychometrixa,  in  press. 

Mosier,  C.  L,  1940.  Psychophysics  and 
mental  test  theory:  Fundamental  postulates 
and  elementary  theorems,  Psychol.  Rev.,  Vol. 
47,  355-366. 

Newell,  A,  and  Simon,  H.  A.,  1956.  The 
logic  theory  machine:  a  complex  information 
processing  system,  IRE  Transaction  on_In- 
formation  Theory,  Vol.  IT-2,  _3,  pp.  61-79, 
September. 

Newell,  A.,  Simon,  H.  A.  and  Shaw,  J.  C., 
1957.  Empirical  explorations  of  the  logic 
theory  machine:  A  case  study  in  heuristic. 
Proceedings  of  the  1957  Western  Joint  Com¬ 
puted  Coiuerence.  216-^30,  February. 

Newell,  A.,  Shaw,  J.  C,  and  Simon,  H.  A., 
1958a,  Elements  of  a  theory  of  human 
problem  solving,  Psychol.  Rev.,  Vcl.  65,  2# 
pp.  151-166. 

Newell,  A.,  Shaw,  J«  C.  and  Simon,  H.  A., 
1958b.  Chess-playing  programs  and  the 
problem  of  complexity,  IBM  J.  of  Research 
and  Development,  Vol,  2,  4,  pp.  320-335. 

Re^?ianr"wr  R.,  1959.  Heuristic  pro¬ 
grams,  computer  simulation,  and  higher 
mental  processes,  Behavioral  Science.  Vol 
4,  4,  pp.  330-335. 

Swets,  J.  A.,  1961.  Detection  theory  and 
psychophysics*  A  review,  Psychometnka, 
Vol.  26.  pp.  49-63. 


246 


Tanner,  N.  P..  Jr.,  and  Swets,  J.  A..  Taylor,  F.  V.,  1960  Four  basic  ideas 

1954.  A  decision  making  theory  of  visual  in  engineering  psychology,  Amer.  Psychol., 
detection,  Psychol  Rev.,  Vol  61,  401-409.  Vol  15,  643-649. 


APPENDICES 


1.  Roster  of  Conferees 

II.  Current  Work  Programs,  Bibliographies  and  Biographical  Directories  of  Professional 
Personnel  of  Human  Engineering  Activities  of  U,  S.  Army  Agencies 

1.  U.S.  Army  Chemical  Research  and  Development  Laboratories 

2.  U.S.  Army  Engineer,  Geodesy,  Intelligence,  and  Mapping  Research  and  Development 
Agency 

3.  U.S.  Army  Engineer  Research  and  Development  Laboratories 

4.  U.S,  Army  Human  Engineering  Laboratories  and  Former  Ordnance  Arsenals 

5.  U.S.  Army  Medical  Service 

6.  U.S.  Army  Quartermaster  Food  and  Container  Institute  for  the  Armed  Forces 

7.  U.S.  Army  Quartermaster  Research  and  Engineering  Command 

8.  U.S.  Army  Quartermaster  Research  and  Engineering  Field  Evaluation  Agency 

9.  U.S.  Army  Signal  Research  and  Development  Laboratory 

10.  U.S,  Army  Transportation  Research  and  Engineering  Command 

1 1.  U.S.  Army  Board  for  Aviation  Accident  Research 

12.  U.S.  Army  Personnel  Research  Office 

13.  Human  Resources  Research  Office 


APPENDIX  I 

ROSTER  OF  CONFEREES 


1.  Mr.  BiUy  A.  Abbott 
Dell  Helicopter  Company 
Fort  Worth,  Texas 

2.  Mr.  Jeff  A.  Abraham 

Test  Programs  &  Evaluation  Dept. 

U.S.  Army  Electronic  Proving  Ground 
Fort  Huachuca,  Arizona 

3.  Mr  Charles  C  Albrecht 
American  Optical  Company 
South  Bridge,  Massachusetts 

4.  Mr.  Abraham  Anson 
Photogrammetry  Division 
U.S,  Army  Engineer  Geodesy, 

Intelligence,  and  Mapping 
R&D  Agency 
Fort  Be’voi*-,  Virginia 

5.  Maj.  J.  Q.  Arnette 

Hq  U.S.  Army  Combat  Developments 
Command 

Fort  Belvoir,  Virginia 

6  Lt  Col  Byron  D.  Athan 

U.S.  Army  Combat  Developrr  mts  Com¬ 
mand 

Fort  Belvoir,  Virginia 

7.  Lt  Col  John  A.  Bacon 

U.S.  Army  CBR  Combat  Developments 
Agency 

Fort  McClellan,  Alabama 


8,  Dr.  Lynn  E.  Baker 

Human  Factors  Research  Division 
Of  ice.  Chief  of  Research  and  Develop¬ 
ment 

Department  of  the  Army 
Wasbmeton  25,  D.  C. 

9.  Mr.  Jacob  L,  Baroer,  Jr. 

Human  Factors  Research  Division 
Office,  Chief  of  Research  and  Develop¬ 
ment 

Department  of  the  Army 
Washington  25,  D.  C. 

10.  aJ'.  Edward  R.  Barron 

Clothing  &  Organic  Materials  Division 
Quartermaster  Research  and  Engineer- 
*  ing  Command 
Naticn,  Massachusetts 


11.  Co.  George  A.  Barten 
-  Office,  Deputy  Chief  of  Staff  for  Logistics 
Department  of  the  Army 
Washington  25,  D,  C, 


12.  Maj  David  A.  Bechner 
Environmental  Sciences  Division 
Office,  Chief  of  Research  and  Develop¬ 
ment 

Department  of  the  Army 
Washington  25,  D.  C. 

13.  Mr.  Fred  P.  Begum 
American  Optical  Company 
Southbndge,  Massachusetts 

14.  Lt  Col  Harry  G  Benion 
Project  Control  Department 
Army  Participation  Group 

U.S.  Naval  Training  Device  Center 
Port  Washington,  New  York 

15.  Dr.  Philip  J.  Bersh 

U.S.  Army  Personnel  ResearchOffice 
Washington  25,  D,  C. 

16.  Col  William  H.  Birdsong 
Special  Subjects  Department 
U.S.  Army  Infantry  School 
Fort  Banning,  Georgia 

17.  Dr.  Abraham  H.  Birnbaum 

U.S.  Army  Personnel  ResearchOffice 
Washington  25,  D.  C, 

18.  Mr.  William  V.  Blevins 
Directorate  of  Medical  Research 

U.S.  Army  Chemical  R4tD  Laboratories 
Army  Chemical  Center,  Maryland 


19.  Mr.  William  J.  Boardman 

Clothing  &  Organic  Materials  Division 
U.S.  Army  Quartermaster  Research  and 
Engineering  Command 
Natick,  Massachusetts 

20.  Mr.  Joseph  E.  Boneta,  Jr. 

Electrical  Department 

U.S.  Army  Engineer  Research  and  De¬ 
velopment  Laboratories 
Fort  Belvoir,  Virginia 

21.  Mr.  George  E.  Bonnell 

U.  S.  Army  CBR  Engineering  Group 
Fort  Detrick, 

Frederick,  Maryland 

22.  Col  Mili-rd  G.  Bowen,  Jr. 

Weapons  Systems  Evaluating  Group 
Office,  Secretary  of  Defense 
Washington  25,  D.  C. 

23.  Dr,  Charles  W.  Bray 
Smithsonian  Institution 

10th  ft  Independence  Avenue,  S.  W. 
Washington,  D.  C. 


2S1 


24.  Dr  William  D  Bryant 

Allied  Research  Association.  Inc. 

43  Leon  Street 
Boston.  Massachusetts 

25  Mr.  Eiward  P  Buckley 
Engineering  Psychology  Laboratory 

'he  Franklin  Institute 
Philadelphia  3,  Pennsylvania 

26  Maj  James  K.  Bush 
Directorate  of  Engineering 

U  S.  Army  Transportation  Materiel 
Command 

12th  and  Spruce  Streets 
St.  Louis.  Missouri 

27.  Capt  Stanley  L.  Calvert 
Ranger  Department 

U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 

28.  Dr.  Ruth  Hoyt  Cameron 
Defense  Research  Board 
Department  of  National  Defense 
Ottawa,  Canada 

29.  Mr.  William  F.  Campbell 
International  Business  Machines  Corp. 
10301  Westlake  Drive 

Bethesda,  Maryland 

30  Maj  James  W.  Cannon 

2d  Howitaer  Bn,  10th  Arty 
Fort  Benning,  Georgia 

31.  Mr.  Robert  E.  Carter 
Human  Engineer 
Fairchild  Stratos  Corporation 
Hagerstown,  Maryland 

32.  Mr.  Anthony  E,  Castelnovo 

U.S.  Army  Personnel  ResearchOffice 
Washington  25,  D.  C. 

33.  Maj  Gen  Chester  W,  Clark 
Director  of  Army  Research 

Office,  Chief  of  Research  and  Develop¬ 
ment 

Department  of  the  Army 
Waj,hington  25,  D.  C. 

34.  Maj.  Gerald  E,  Clausing 

U.S.  Army  Cold  Regions  Research  and 
Engineering  Laboratory 
Office  Box  282 
Hanover,  New  Hampshire 

35.  Col  David  Cooper 

U.S.  Continental  Army  Commai^ 

Fort  Mcnroe,  Virgir..a 

36.  Coi  John  T.  Corley 
Assistant  Division  Commander 
2d  Infantry  Division 

Fort  Benning,  Georgia 


37.  Col  J.  G.  Cornett 

Chief  of  the  Academic  Staff 
U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 

38.  Mr.  Douglas  Y.  Cornog 
Research  Information  Center 
National  Bureau  of  Standards 
U.S.  Department  of  Commerce 
Washington  25,  D.  C. 

39.  Mr.  Robert  L.  Courtney 
Army  Missile  Test  Evaluation 

Directorate 

White  Sands  Missile  Range 
New  Mexico 

40.  Mr.  Brian  Crist 

Engineering  Psychology  Laboratory 
U.S.  Army  Quartermaster  Research  and 
Engineering  Command 
Natick,  Massachusetts 

41.  Mr.  Edmund  G,  Cummings 

U.S.  Army  Chemical  Research  and 
Develr  ment  Laboratories 
Army  C.iemical  Center,  Maryland 

42  Lt  Gen  John  P.  Daley 
Commanding  General 

U.S.  Army  Combat  Developments 
Command 

Fort  Belvoir,  Virginia 

43  Lt  Col  William  P.  DeBrocke 
Combat  Materiel  Division 

Office,  Chief  of  Research  and  Develop¬ 
ment 

Department  of  the  Army 
Washington  25,  D.  C. 

44.  Brig  Gen  Chester  B.  DeGavre 
Deputy  Chief  of  Staff  for  Personnel 
Hq  U.S.  Continental  Army  Command 
Fort  Monroe,  Virginia 

45.  Mr.  Gino  R.  DeTogsi 
Human  Factors  Unit 
Picatinny  Arsenal 
Dover,  New  Jersey 

46.  Lt  Col  Lester  R.  Dillion,  Jr. 

Director,  Special  Subjects  Department 
U.S.  Army  Infantry  School 

Fort  Benning,  Georgia 

47.  Capt  Stephen  P.  Dittmann 
Medical  Equipment  Development 

Laboratory 

Fort  Totten,  New  York 

48.  Mr.  John  £.  Donlon 
Technical  Services  Department 

U.S,  Army  Engineer  Research  and  De¬ 
velopment  Laboratories 
Fort  Belvoir,  Virginia 


252 


49.  Col  James  S.  Douglas 
Secretary 

U.S.  Army  Infantry  School 
Fort  Denning,  Georgia 

50.  Dr.  Jack  W.  Dunlap 
Dunlap  and  Associates,  Inc. 

429  Atlantic  Street 
Stamford,  Connecticut 

51.  Dr.  E.  Ralph  Dusek 
Engineering  Psychology  Laboratory 
U.S.  Army  Quartermaster  Research  and 

Engineering  Command 
Natick,  Massachusetts 

52.  Dr.  David  L.  Easley 
Senior  Scientist 

U.S.  Army  Armor  Human  Research  Umt 
Fort  Knox,  Kentucky 


62.  Dr.  James  W,  Frick 

Cornell  Aeronautical  Laboratory,  Inc. 
Combat  Surveillance  Project 
1 124  North  Highland  Street 
Arlington  1,  Virginia 

63.  Dt.  Charles  E.  Frits 

Weapons  Systems  Evaluation  Division 
Institute  for  Defense  Analyses 
1825  Connecticut  Avenue 
Washington  9,  D.  C. 

64.  Lt  Col  Robert  F.  Galer 
IQ  Section 

U.S.  Army  Infantry  Center 
Fort  Denning,  Georgia 

65.  Col  Mahlon  E.  Gates 
151st  Engineer  Group  (C) 

Fort  Denning,  Georgia 


53.  Mr.  Jan  E.  R.  Eindhoven 

Armed  ForcesFood&Container Institute 

1819  W.  Pershing  Road 
Chicago  9,  Illinois 

54.  Mr.  John  R.  Erickson 
Systems  Research  Laboratory 

U.S.  Army  Human  Engineering  I.ahora- 
tories 

Aberdeen  Proving  Ground,  Marylaiw 

55.  Mr.  Raoul  A.  Faralla 
ATTN  SIGRA/XC 

U.S.  Army  Signal  Research  and  Develop¬ 
ment  Laboratory 
Fort  Monmouth,  New  Jersey 

56.  Mr.  Stanley  Fiiikelstein 

Chrysler  Corporation  Missile  Division 
Warren,  Michigan 

57.  Col  William  Fitc 

Office  of  The  Adjutant  General 
U.S.  Army  Infantry  Center 
Fort  Denning,  Georgia 

58.  Mr.  James  Flanagan 

Deputy  Scientific  Director  forEngineer- 

U.sf  Army  Quartermaster  Research  and 
Engineering  Command 
Natick,  Massachusetts 

59.  Maj  John  L.  Fletcher 

U.S.  Army  MedicalResearchLAboratory 
Fort  Knox,  Kentucky 

60.  Col  N.  Fooks  (Ret) 

U.S.  Army  InfantryHumanResearch Umt 

Fort  Denning,  Georgia 

61.  Col  Edward  M.  Foxworth 
Quartermaster  Section 
U.S.  Army  Infantry  Center 
Fort  Denning,  Georgia 


66.  Mr.  David  L.  Gee 
Military  Department 

U.S.  Army  Engineer  Research  and  de¬ 
velopment  Laboratories 
Fort  Delvoir,  Virginia 

67.  Maj  Cyrus  L.  Gibbs 
Director 

Special  Subjects 

U.S.  Army  Infantry  School 

Fort  Denning.  Georgia 

68.  Dr.  Aram  Glorig 
Director  of  Research 

American  Academy  of  Ophthalmology 
at^  Otolaryngology 
327  South  Alvardo 
Los  Angeles  57.  California 

69.  Capt  William  C.  Godwin 

U.S.  Army  Quartermaster  Research  and 
Engineering  Command 
Natick,  Massachusetts 

70.  Mr.  D.  L  Graham,  Jr. 

Engineering  Requirements  Coordination 

Office  .x.  .  * 

Research  and  Development  Directorate 
U.S,  Army  Missile  Command 
Redstone  Arsenal,  Alabama 

71.  Dr,  Lee  W.  Gregg 

Carnegie  Institute  of  Technology 
Pittsburgh,  Pennsylvania 

72.  2d  Lt  Noel  L.  Griese 
U.S.  Army  Infantry  Center 
Fort  Denning,  Georgia 

73.  Mr.  Paul  E.  Griffith 
ATTN.  SIGRA/GDA 

U.S.  Army  Signal  Research andDevelop- 
ment  l^aboratory 
Fort  Monmouth,  Nev/  Jersey 


74.  Lt  Col  Joffre  L..  Gueymara 
401  Lumpkin  Ro?d 

Foit  Denning,  Georgia 

75.  2d  Lt  Terry  R.  GuUedgc 
U.S.  Army  Infantry  Center 
Fort  Denning,  Geo/gia 

76.  Capt  Wladimir  Gulevich 
Medical  Equipment  Development 

Laborator) 

Fort  Totten,  New  York 

77.  Mr.  Frederick  W.  Haake 

U.S.  Army  Electronics  Research  and 
Development  Laboratory 
Fort  Monmouth,  New  Jersey 

78.  Lt  Col  William  C.  Hacker 
Information  Section 

U.S.  Army  Infantry  Center 
Fort  Denning,  Georgia 

79.  Dr.  Donald  F.  Haggard 
Senior  Scientist 

U.S.  Army  Armor  Human  Research  Unit 
Fort  Knox,  Kentucky 

SO.  Maj  Joseph  Hall 
G-3  Section 

U.S.  Army  Infantry  Center 
Fort  Denning,  Georgia 

8  .  Col  Robert  Hall 
Special  Subjects 
U.S.  Army  Infantry  School 
Port  Beiining,  Georgia 

82.  Col  Curtis  S.  Hankins 
Hq  LAAC 

Fort  Denning,  Georgia 

83.  Col  Clifford  P.  Hanium 

2d  Battle  Group,  9th  Infantry 
2d  Infantry  Division 
Fort  Bennirg,  Georgia 

84.  Col  Stanley  L.  Harding 

Hq  2d  Infantry  Division  Artillery 
Fort  Denning,  Georgia 

85  Dr,  George  H^^rker 

U.S.  Army  Medical  Research  Laboratory 
Fvrt  Knox,  Keatucky. 

86.  Maj  (Sen  Ben  harreU 
Commanding  General 
U.S.'  A'rmy  Infantry  Center 
Fort  Deruilng, 'Georgia 

87.  Mr.  Richard  L.  Harrison' 

General  Dynamics 
Pomona,  California 


88.  Lt  Col  William  Hausman 

U.S.  Army  Medical  Research  and  De¬ 
velopment  Command 
Office  of  The  Surgeon  General 
Department  of  the  Army 
Washington  25,  D.  C. 

89.  Dr,  Dean  M.  Havron 

Human  Sciences  Research,  Inc. 

1408  N.  Fillmore  Street 
Arlington,  Virginia 

90.  Mr.  G.  Hawkes 

Lockheed  Aircraft  Corporation 
Marietta,  Georgia 

91.  Mr.  George  Hayes 
Lockheed  Aircraft  Corporation 
Marietta,  Georgia 

92.  Col  Richard  W.  Healy 
Coordinator  Instruction 
U.S.  Army  Infantry  School 
Fort  Denning,  Georgia 

93.  Dr.  Howard  W.  Hembree 
Scientific  Director 

U.S.  Army  Quartermaster  Research  and 
Engineering  Field  Evaluation  Agency 
Fort  Lee,  Virginia 

94.  Maj  George  R.  Henderson 
G-3  Section 

U.S.  Army  Infantry  Center 
Port  Dennmg,  Georgia 

95.  Mr.  John  R.  Hennessy 
ATTN.  SIGRA/GDA 

U.S.  Army  Signal  Research  and  Develop¬ 
ment  Laboratory 
Port  Monmouth,  New  Jersey 

96.  Capt.  James  E.  Hertzog 

U.S.  Army  Aeromedical  Research  Unit 
Fort  Rucker,  Alabama 

97.  Maj  Gen  R.  .A  Hewitt 
Director,  Military  Personnel 

Office,  Deputy  Chief  of  Staff  for  Personnel 
Department  of  the  Army 
Washington  25,  D.  C. 

98.  Mr.  Harold  W,  Howard 
Applied  Science  Corporation 
Post  Office  Box  632 

Santa  Paula,  California 

99.  Col  Ge'^rge  E.  Hudson 
U.S.  A**my  Infantry  Board 
Fort  Denning,  Georgia 

100.  Mr.  Adolph  H.  Humphreys 
Military  Department 

U.S.  Army  Engineer  Rese«irch  .^nd  De¬ 
velopment  Laboratories 
Fort  Belvoir,  Virginia 


254 


101  Dr.  WilUam  A.  Hunt 

Department  of  Psychology 
Northwestern  University 
Evanston,  Illinois 

102.  Mr.  Harry  O.  Huss 

U.S.  Army  CQR  Engineering  Group 
Army  Chemical  Center,  Maryland 

103.  L.t  Col  John  F.  Hyde 

Office,  Deputy  Chief  of  Staff  for 
Military  Operations 
Department  of  the  Army 
Washington  25,  D.  C, 

104.  Mr.  Samuel  E.  Jackson 
Directorate  of  Medical  Research 

U.S.  Army  Chemical  Research  and 
Development  Laboratories 
Army  Chemical  Center,  Maryland 

105.  Maj  Daniel  L.  Johnson 
Quartermaster  Section 
U.S.  Army  Infantry  Center 
Fort  Benning,  Georgia 

IQ6.  Mr.  William  A.  Johnson 
Rock  Island  Arsenal 
Rock  Island,  Illinois 

107.  Dr.  Wm.  E.  Kappauf,  Jr. 

Psychology  Department 
Gregory  Hall 
University  of  Illinois 
Urbana,  Illinois 

108.  Mr.  A.  C.  Karr 
Supervisory  Psychologist 
Frankford  Arsenal 
Philadelphia  37,  Pennsylvania 

109.  Mr.  Joseph  Kaufman 

Research  and  Development  Directorate 
U.S.  Army  Materiel  Command 
Washington  25,  D.  C. 

110.  Col  H.  Kelly  (Ret) 

U.S.  Army  Infantry  Human  Research 
Unit 

Fort  Bonning,  Georgia 

111.  Brig  Gen  John  E.  KeUy 
Deputy  Commanding  General 
U.S.  Army  Infantry  Center 
Fort  Benning,  Georgia 

112.  Mr.  Elmer  A.  Kemp 
PUnt  No.  2 

General  Motors  Corporation 
22220  Lakeland  Avenue 
Ewclid  17.  Ohio 

113.  Mr.  Harold  E.  Kerber 
Goodyear  Aircraft  Corporation 
Akron,  Ohio 


114.  Mr.  Rooert  E,  Kinch 
Human  Factors  Engineer 
Department  224 

Western  Electric  Company,  Inc. 
Winston-Salem,  North  Carolina 

115.  Col  J.  M.  King 
Coordinator  Instruction 
U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 

116.  Mr.  Richard  S.  Kneisel 

U.S.  Army  Chemical  Corps  School 
Fort  McClellan,  Alabama 

117.  1st  Lt  James  E.  Komer 
Mechanical  Department 

U.S.  Army  Engineer  Research  and  De- 
velopment  Laboratories 
Fort  Bclvotr,  Virginia 

118.  Dr.  Karl  D.  Krytcr 

Bolt  Beranek  and  Newman,  Inc. 

SO  Moulton  Street 
Cambridge,  Massachusetts 

119.  Dr.  Martin  Kurke 
CORG 

U.S.  Army  Combat  Developments 
Command 

Fort  Belvoir,  Virginia 

120.  Dr.  Carl  J.  Lange 
Director  of  Research 

U.S.  Army  Infantry  Human  Research 
Unit 

Fort  Benning,  Georgia 

121.  Mr.  Harold  R.  JUaPorte 
Autonetics,  A  Division  of  North 

American  Aviation,  Inc. 

Anaheim,  California 

122.  Dr.  Charles  B.  Lee 

Research  and  Engineering  Directorate 
Army  Tank  Automotive  Command 
Center  Line,  Michigan 

123.  Maj  Robert  V.  Lee 
Plans  Division 

Office,  Chief  of  Research  and  Develop¬ 
ment 

Department  of  the  Army 
Washington  25,  D.  C. 

124.  Dr.  Samuel  D,  Leonard 
Department  of  Psychology 
University  of  South  Florida 
Tampa,  Florida 

125.  Mr.  H.  D.  Lemer 

Applied  Psychology  Corporation 
4113  Lee  Highway 
Arlington  7,  Virginia 


255 


126.  Mr.  Alexander  Levin 
Chief,  Research  Office 
Mechanical  Engineering  Division 

U.S.  Army  Quartermaster  Research 
and  Engineering  Command 
Natict.,  Massachusetts 

127.  Mr.  Morris  L.  LeVitin 
ATTN.  SIGRA/NES 

U.S,  Army  Signal  Research  and  De¬ 
velopment  Laboratory 
Fort  Monmouth.  New  Jersey 

128.  Maj  V.'iUiari  W.  L-wis,  Jr. 

Special  Subjects  epartment 
U  S.  Army  Infantry  School 
Fori  Bcnning,  Georgia 

129.  Mr.  Albert  J.  Liasa 

Research  and  Development  Division 
Springfield  Armory 
Springfield  1,  Massachusetts 

130.  Maj  Donald  O.  Loomis 
Behavioral  Sciences  Division 
Office.  Assistant  for  Bioastronautics 
Hq  Air  Force  Systems  Command 
Andrews  Air  Force  Base,  Maryland 

531.  Mr.  Theodore  G.  Lorensen.  Jr. 

U.S.  Army  Weapons  Command 
Rock  Island.  Illinois 

132.  Mr.  Herman  Madnick 

Clothing  and  Organic  Materials  Division 

U.S.  Army  Quartermaster  Research  and 

Engineermg  Command 
Natick.  Massachusetts 

133.  Mr.  Robert  T.  McCay 
Dunlap  and  Associates.  Inc. 

429  Atlantic  Street 
Stamford,  Connecticut 

134.  Lt  Col  WalUs  E,  McClain 
Commanding  Officer 

2d  Howitser  Battalion,  lOth  Artillery 
Fort  Banning.  Georgia 

135.  Dr,  William  McClelland 

Human  Resources  Research  Office 
The  George  Washington  University 
Post  Office  Bos  3596 
Washington  7.  D,  C, 

136.  Or.  Ernest  J.  McCormick 
Occupational  Research  Center 
Purdue  University 
LaFayette,  Indiana 

137.  Lt  Col  W,  McDermott 
CBR  Directorate 

Oifice.  Deputy  Chief  of  Staft 
for  MiliUry  Operations 
Dep.rtme»-t  of  the  Army 
Washingt*  “•  D,  C. 


138.  Mr.  John  P.  McDonough 

Army  Materials  Research  Agency 
Watertown  Arsenal 
Watertown  72,  Massachusetts 


139.  Col  H.  F.  McFaely 
Transportation  Section 
U.S.  Army  Infantry  Center 
Fort  Benning,  Georgia 

140.  Lt  Col  Jam**^  D.  McLanachan 

U.S.  Army  Armor  Combat  Develop¬ 
ments  Agency 
Fort  Knox,  Kentucky 

141.  Dr.  William  H.  Melching 
Department  of  Psychology 
Texas  Technological  College 
Lubbock,  Texas 

142.  Mr.  Joseph  R.  Melville 
Bell  Telephone  Laboratories 
Whippany,  New  Jersey 

143.  Mr.  Harry  J.  Meyer 
Standard  and  Systems  Office 
Office  of  Personnel  Operations 
Department  of  the  Army 
Washington  25,  D.  C. 

144.  Capt  Patsy  A.  Milantoni 
Dental  Section 

U.S.  Army  Infantry  Center 
Fort  Bcnnmg,  Georgia 

145.  Mr.  Fred  Mint® 

Lockheed-Califorxiia  Company 
Burbank,  California 

146.  Col  Stuart  M.  Mitchell 
Dental  Section 

U.S.  Army  Infantry  Center 
Fort  Benning,  Georgia 

147.  Mr.  Thomas  Mongello 

U.S.  Naval  Training  Device  Center 
Port  Washington,  New  York 

148.  Maj  Don  W.  Moore 

Hq  U.S.  Army  Combat  Developments 
Experimentation  Center 
Fort  Ord,  California 


149.  Mr.  Irving  B.  Morgan 

Office,  Deputy  Chief  of  Staff  for  MiUtary 
Operations 

Department  of  the  Army 
V/ashington  25,  D.  C. 

150.  Mr.  Jack  W.  Mumford 

Chance- Vaught  Aircraft  Corporation 
Unit  53620 
Dallas.  Texas 


151.  Maj  John  D.  Murphy 
Classification  and  Standards  Division 
Office,  Deputy  Chief  of  Staff  for 

Personnel 

Department  of  the  Armv 
Washington  25,  D.  C. 

152.  Mr.  R.  C.  Navrin 
Research  Division 

U.S.  Army  Materiel  Command 
Washington  25,  D.  C, 

153.  Dr.  Thomas  F.  Nichols 
Se''aor  Scientist 

U.S.  Army  Infantry  Human  Research 
Unit 

Fort  Benning,  Georgia 

154.  Mr.  George  F.  Nolan 
President 

Psychophysics  Re  search  Corporation 

550  Fifth  Avenue 

New  York'36,  New  York 

155.  Mr.  Wilhar.i  J.  Nolan 

U.S.  Army  Transportation  Research 
Command 

Fort  Eustis,  Virgima 

156.  Col  Thaddeus  M.  Nosek 

U.S.  Army  Combat  Developments 
Command 

Fort  Belvoir,  Virginia 

157.  Capt  Francis  O.  Nugent 
Communications  Department 
U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 

158.  Mr.  Paul  D.  Oakley 

Diamond  Ordnance  Fuae  Laboratories 
Washington  25,  D.  C. 

159.  Mr.  Robert  E.  O’Brien 
President 
Bio-dynamics,  Inc. 

1  Main  Street 

Cambridge,  Massachusetts 

160.  Pfc  E- 3  James  T.  O’Connor 
Building  23 

Frankford  Arsenal 
Philadelphia  37,  Pennsylvania 

>6!.  Dr.  Harry  Older 
President 

The  Matrix  Corporation 
507  iSth  Street,  South 
Arlington  2,  Virginia 

162.  Col  Albro  L.  Parsons,  Jr. 

Command  and  Staff  Department 
U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 


163.  Col  Michael  Paulick 
Air  Mobility  Department 
U.S.  Army  Infantry  School 
Fort  Brnning,  Georg.a 

164.  Maj  George  E.  Peck 

U.S.  Army  Personnel  Research  Office 
Washington  25,  D.  C. 

165.  Mr.  Henry  M.  Fernim 

The  Armour  Research  Foundation 
10  W.  31st  Street 
Chicago.  Illinois 

166.  Mr.  Harry  D.  Poole 
Defense  Research  Staff 
British  Embassy 
Washington,  D.  C. 

167.  Mr.  Theodore  R.  Powers 
Research  Associate 

U.S.  Army  Infantry  Human  Research 
Umt 

Fort  Benning,  Georgia 

168.  Lt  Col  James  H.  Proctor 
U.S.  Army  Representative 

Hq  Air  Force  Systems  Command 
Andrews  Air  Force  Base,  Maryland 

169.  Mr.  John  D.  Reed 
Research  Office 

U.S.  Army  Combat  Developments 
Experimentation  Center 
Fort  Ord,  California 

170.  Maj  Alexander  M.  Reid 
Deputy  Director 

Clothing  and  Lqaipmeni  Physiological 
Research  Establishment 
c/o  Royal  Aircraft  Establishment 
Famsborough,  Hants. 

England 

171.  Brig  Gen  Royal  Reynolds.  Jr. 

Assistant  Commandant 

U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 

172.  Mr.  Richard  C.  Robinson 
Research  Analysis  Corporation 
6935  Arlington  Road 
Washington  14,  D.  C. 

173.  Mr.  John  J.  Romba 

U.S,  Army  Human  Engineering 
Laboratories 

Aberdeen  Proving  Ground,  Maryland 

174.  Dr,  Paul  G.  Ronco 

Institute  for  Psychological  Research 

North  Hall 

Tufts  University 

Medford  55,  Massachusetts 


2S7 


!75.  Col  Thomas  B  Ross 
Operations 

U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 

176  Or.  George  E.  Rowland 
President 

Rowland  and  Company 
Post  Office  Box  6l 
Haddonfield,  New  Jersey 

177.  Dr.  Joseph  N.  Ruocco 
Grumman  Aircraft  Engineering 

Corporation 
Huntington,  N^,w  York 

178.  Dr.  Jesse  C.  Rupe 

U. S.  Army  Air  Defense  Human  Re¬ 
search  Uml 

Fort  Bliss,  Texas 

179  Mr,  James  E  Russell 

Research  Analysis  Corporation 
6935  Arlington  Road 
Washington  14,  D.  C. 

180.  Col  Edward  N.  Rydalch 
Weapons  Systems  Evaluation  Group 
Office,  Secretary  of  Defense 

V.  ashington  25,  D.  C. 

181.  Col  S.  E.  Sacerdote 
Command  and  Staff  Department 
U.S.  Army  Infantry  School 
Fort  Denning,  Georgia 

182.  Mr.  Jerrell  L.  Sanders 

Chief,  Methods  Engineering  Branch 
U.S.  Army  Quartermaster  Researchand 
Engineering  Field  Evaluation  Agency 
Fort  Lee,  Virginia 

183.  Mr.  Sidney  Sandler 

U.S.  Army  Electronics  Research  and 
Development  Laboratory 
Wanamassa,  New  Jersey 

184.  Dr.  Ezra  V.  Saul 
Human  Factors  Unit 
Picatinny  Arsenal 
Dover,  New  Jersey 

185.  Maj  Paul  Schultz 

Office  cf  the  Provost  Marshal 
U.S.  Army  Infantry  Center 
Frrt  Benning,  Georgia 

K'6.  Mr.  Erminio  O.  Settembre 
ATTN  SIGRA/PSC 
U.S.  Army  Signal  Research  and  De¬ 
velopment  Laboratory 
ort  Monmouth,  New  Jersey 

187.  Lt  Col  Luther  L.  Sexton 

U.S.  Army  Combat  Developments 
Command 

Fort  Bclvoir,^  Virginia 


188.  Capt  Robert  L.  Shaffer 

U.S.  Army  Missile  Command 
Redstone  Arsenal,  AlabAma 

189.  1st  Lt  Edward  J.  Shanahan,  Jr. 

G-3  Section 

U.S.  Army  Infantry  Centci 
Fort  Benning,  Georgia 

190.  Lt  Col  Norman  I.  Shapxno 
Command  and  Staff  Department 
U.S.  Army  Infantry  School 
Fort  Bennirg,  Georgia 

191.  Col  Granville  A.  Sharpe 

U.S.  Army  Institute  of  Advanced 
Studies 

Carlisle  Barracks,  Pennsylvania 

192.  Dr.  Carroll  L.  Shartle 
Office  of  Science 

Director  of  Research  and  Engineering 
Office  of  the  Secretary  of  Defense 
Washington  25,  D.  C. 

193.  Col  Walter  D.  Short 

Chairman  of  the  Defense  Committee 
U.S,  Army  Infantry  School 
Tort  Benning,  Georgia 

194.  Dr.  Arthur  I.  Siegel 

Applied  Psychological  Services 
1 14  North  Wayne  Avenue 
Wayne,  Pennsylvania 

195.  Dr.  Paul  A.  Siple 
Scientific  Advisor 
Army  Research  Office 
3045  Columbia  Pike 
Arlington  4,  Virginia 

196.  Col  Braxton  E.  Small 
Signal  Section 

U.S.  Army  Infantry  Center 
Fort  Benning,  Georgia 

197.  Capt  Ernest  C.  Snyder 
Special  Subjects  Department 
U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 

198.  Dr.  Philip  I,  Sperling 

U.S.  Army  Medical  Research  and  De¬ 
velopment  Command 
Office  of  the  Surgeon  General 
Department  of  the  Army 
Washington  25,  D,  C. 

199.  Mr.  Emil  Spezia 
Human  Factors  Section 

U.S.  Army  Board  for  Aviation  Accident 
Research 

Fort  Rucker,  Alabama 

200.  Lt  Col  Harold  G.  Stacy 

Hq  Combat  Service  Support  Group 
Fort  Lee,  Virginia 
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201.  Dr.  Alfred  H.  Stanton 
The  McLean  Hospital 
Belmont  79,  Massachusetts 


214.  Mr.  John  L.  Van  Arkel 

CBR  Agency  '  , 

Army  Chemical  Center,  Maryland 


202.  Mr.  Francis  W.  Stengle 

U.S.  Army  Chemical  Research 
Development  Laboratories 
Armi  Chemical  Center,  Maryland 


and 


215.  Col  Kenneth  W.  Wallace 

U.S.  Army  Combat  Developments 
Command 

Fort  Belvoir,  Virginia 


203. 


Mr.  Gilbert  L.  Stewart 

Department  of  Nonresident  Instruction 

U.S.  Army  Infantry  School 

Fort  Benning,  Georgia 


204.  Mr.  Richard  Stewart 

Allied  Research  Association,  Inc. 
43  Leon  Street 
Boston,  Massachusetts 


216.  Mr.  Harold  L.  Walpole 
Douglas  Aircraft  Company,  Inc. 

Long  Beach,  California 

217.  Dr.  Josephs.  Ward 
Research  Scientist 

U.S.  Army  Infantry  Human  Research 
Unit 

Fort  Benning,  Georgia 


205.  Col  Hubert  E.  Strange 

Communication  Department 
U.S.  Army  Infantry  School 
Fort  Benning.  Georgia 


218.  Lt  Col  Herman  Webel,  Jr. 

Special  Subjects  Department 
U.S.  Army  Infantry  School 
Fort  Benning,  Georgia 


206.  Col  William  M.  Summers 
U.S.  Army  Infantry  Board 
Fort  Benning.  Georgia 

207  Maj  Thomas  H.  Tackaberry 

Human  Factors  Research  Division 
Office,  Chief  of  Research  and  Develop¬ 
ment 

Department  of  the  Army 
Washington  25,  D.  C. 


219.  Dr.  John  D.  Weis* 

Director  ,  . 

U.S.  Army  Human  Engineering  Labora- 
tories  ^  . 

Aberdeen  Proving  Ground,  Maryland 


220. 


Maj  Edward  C.  West 

Infantry  Combat  Developments  Agency 

U.S.  Army  Infantry  Center 

Fort  Benning,  Georgia 


208. 


Capt  Joseph  T.  Tambe 
Engineering  Psychology  Laboratory 
Pioneering  Research  Division 

U.S.  ArmyQuartermastet  Researchano 

Engineering  Command 
Natick,  Massachusetts 


221.  Dr.  W.  L.  Williams,  Jr. 

Executive  Officer 
Human  Resources  Research  Office 
The  George  Washington  University 
Post  Office  Box  3596 
Washington  7,  D.  C. 


209.  Mr.  Albert  L.  Taylor 

U.S.  Army  Engineer  Maintenance  Center 
Columbus.  Ohio 

210,  Col  Walter  B.  Todd 
Martin  Army  Hospital 
Fort  Benning,  Georgia 


222.  Maj  Joseph  O.  Wintersteen 
Research  Programs  Office 
Office,  Chief  of  Research  and  Develop¬ 
ment 

Department  of  the  Army 
Washington  25,  D,  C. 


211.  Dr.  Martin  A.  Tolcott 
Dunlap  and  Associates,  Inc. 

429  Atlantic  Street 
Stamford,  Connecticut 

212.  Dr.  G.  C.  Tolhurst  ^  ^  .ct 

Human  Engineering  Branch,  Code 
Office  of  Naval  Research 
Washington  25,  D,  C. 


223.  Dr.  C.  L.  Wood 
Human  Factors  Unit 

Heavy  Military  Electronics  Department 
General  Electric  Company 
Syracuse,  New  York 

224.  Lt  Col  Douglas  G.  Younger 

Hq  U.S.  Army  Combined  Arms  Group 
Fort  Leavenworth,  Kansas 


213.  Mr.  James  P.  Torre,  Jr. 

Systems  Research  Laboratory 
U.S.  Army  Human  Engineering  Labora- 
tories 

Aberdeen  Proving  Ground,  Maryland 


225. 


Mr.  Peter  Zakanyc* 

U.S.  Army  Electronic  Research  and 
Development  Laboratory 
Fort  Monmouth,  New  Jersey 
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226.  Kir.  Charles  A.  Zelaites 
ATTN:  SIGRA/GD 

U.S.  Army  Signal  Research  and  De* 
velopment  Laboratory 
Fort  Monmouth,  New  Jersey 


227.  Brig  Gen  John  G.  Zierdt 
Deputy  Director 
Research  and  Development 
U.S.  Army  Materiel  Command 
Washington  25,  D.  C. 
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APPENDIX  II 


CURRENT  WORK  PROGRAMS.  BIBUOGRAPHIES  AND  BIOGRAPHICAL  DIRECTORIES 
OF  PROFESSIONAL  PERSONNEL  OF  HUMAN  ENGINEERING  ACTIVITIES  OF  U.S.  ARMY 

agencies. 


1.  U.S.  ARMY  CHEMICAL  RESEARCH  AND  DEVELOPMENT  LABORATORIES,  ARMY 
CHEMICAL  CENTER.  MARYLAND 

A.  CURRENT  WORK  PROGRAM 


1.  a.  The  human  factors  work  program  at  USA  Chemical  Research  and  Development 
Laboratories  is  carried  out  largely  by  the  Directorate  of  Medical  Research,  under  the  follow¬ 
ing  projects. 


4008-02-024 

4080-OU005 

4099-02-002 

4X99-26-001 


Medical  and  Biological  Aspects  of  Chemical  Agents 

Chemical  Defense  Research 

Wound  Ballistics,  and 

Basic  Research  in  the  Life  Sciences. 


b.  Work  Recently  Completed. 

0)  CRDL  participated  in  a  field  study  of  the  changes  in  estimated  casualty 
experience  resulting  when  chemical  and  biological  weapons,  with  the  necessary  CBR  protec¬ 
tive  equipment,  were  introduced  into  the  play  of  various  tactical  infantry  problems  Other 
participants  in  the  study  were  the  USA  Chemical  Corps  Field  Requirements  Agency  and  the 
USA  Chemical  Corps  Biological  Laboratories. 


Project  Experimenters 

PROJECT  SAMPl-ES  G.B.  Coe 

F.N.  Craig 
E.C.  Cummings 
C.R.  Phillips 

Results  have  been  reported  in  a  classified  report. 

(2)  The  Antiflash  Mask  M19  is  a  gained  item  of  the  Chemical  Corps,  formerly 
withdrawn  from  issue.  The  design  has  recently  been  undergoing  modifications  Intended  to 
improve  the  mask’s  protective  qualities  in  its  intended  use  .e.,  to  protect  the  faces  of  3.5” 
rocket-launcher  crewnien  from  flash  and  firing  debris  incidental  to  firing,  a  particular  hazard 
in  cold  weather).  A  design  prototype,  the  M19  (improved)  mask,  was  submitted  for  human 
factors  evaluation  prior  to  entry  into  final  engineering  tests. 


Date 

Started 


Estimated 

Completion 


Completed 


Proiect  Experimenters  Started  Completion 

Human  factors  evaluation  S.E.  Jackson  Oct  1961  Completed 

of  Rocket  1-auncher  E.  R.  Clovis 

Anti-flash  Mask,  M19 
(Improved) 

The  mask  proved  to  have  several  grave  design  defects  from  the  human  factors  point  of  view. 
Most  of  the  defects  involved  impaired  visual  functions,  a  crucial  family  of  abilities  for  the 
rocket-launcher  gunner.  Other  defects  involved  loggmg/'frosting  of  eyelensesand  the  absolute 
incompatibility  with  use  of  the  left  eye  in  sighting.  Recommendations  for  minimizing  or 
correcting  the  major  sources  of  human  factors  conflict  in  the  design  were  submitted  along 
with  the  findings.  Included  were  photographs  of  a  rouch  mock-up  of  a  mask  modified  accord¬ 
ing  to  the  recommendations. 

c.  Present  Status 

No  human  factors  engineering  studies  are  in  progress  at  this  time. 

In  non- engineering  human  factors  work,  the  most  active  field  is  human  pharma¬ 
cology,  especially  psychopharmacology.  In  a  continuing  program  of  human  testing  and  ex¬ 
perimental  studies,  the  qualitative  a^  quantitative  natures  of  man’s  responses  to  candidate 
chemical  agents  and  potential  therapeutic  drugs  are  being  elucidated.  At  present  the  in¬ 
capacitating  agent-type  of  candidate  (together  with  possible  antidotes)  is  receiving  major 
emphasis.  One  major  concern  is  methodological  in  nature.  Briefly,  it  is  How  important 
is  each  change,  cnemically  induced  in  man,  to  combat  effectiveness^ 
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B.  BIOGRAPHICAL  DIRECTORY  OF  PROFESSIONAL  PERSONNEL 


CLOVIS,  ERNEST  R.,  Major,  MSC,  Research  Psychologist,  PhD,  University  of  Pittsburgh, 
1952  Methodology  of  Assessment. 

CRAIG,  FRANCIS  N,,  Chief,  Applied  Physiology  Branch,  PhD,  Harvard  University,  1937. 
Respiratory  and  Environmental  Physiology. 

CUMMINGS.  EDMUND  G.,  Research  Physiologist.  PhD.  North  Carolina  State  College,  1955. 
Respiratory  and  Environmental  Physiology. 

FIDDLEMAN,  PAUL  B.,  First  Lieutenant,  MSC.  Research  Psychologist,  PhD,  University 
of  North  Carolina.  1961.  Psychopharmacology, 

KETCHUM,  JAMES  S,  Captain,  MC.  Research  Psychiatrist,  M.D.,  Cornell  University 
Medical  College,  1956.  Experimental  Psychiatry,  operant  psychology,  information  theory. 

McCLURE,  CLAUDE  -  JR.,  Major,  MC.  Chief,  Human  Investigations  Branch;  M.D.,  Bowman 
Gray  School  of  Medicine,  Wake  Forest  College,  1950,  PhD,  University  of  North  Carolina, 
I960.  Neurosurgery  and  biochemistry. 

SHINKMAN,  PAUL  G.,  First  Lieutenant,  MSC.  Research  Psychologist,  PhD,  University  of 
Michigan,  1962.  Comparative  Psychology. 

STEARNS,  EDWARD  R.,  Captain,  MSC.  Acting  Chief,  Psychology  and  Human  Factors  Engineer > 
tng  Branch,  PhD,  University  of  California,  I960.  Experimental  Psychology. 

STRONG,  M.  JEROME,  Captain,  MC.  Anesthesiologist,  M.D.,  Boston  University  School  of 
Medicine,  1956.  Anesthesiology,  pharmacology. 

GOODMAN,  EPHRAIM  P.,  SP/S,  Clinical  Psychology  Speciahst/Research  (915.24)  MA,  State 
University  of  Iowa,  1958.  Tests  and  measurement. 

MELTZER,  DONALD,  Second  Lieutenant,  MSC.  Graduate  Student  Trainee,  MS,  University  of 
Pittsburgh,  1960.  Operant  Psychology. 

MERKLER,  NORMAN  L.,  Research  Psychologist,  AM,  George  Washington  University,  1957, 
Operant  Psychology, 

BARHOUM,  JOHN  A.,  Pvt.,  Clmical  Psychology  Specialist/Research  (915.14)  AB,  Loyola 
University  of  Los  Angeles,  1960.  Tests  and  measurement. 

HERTZLER,  DAVID  R., SP/4,ChmcalP8ychologySpecialist/Re8earch  (915.14)  AB,  Gettysburg 
College,  i960.  Experimental  Psychology. 

JACKSON,  SAMUEL  E.,  Research  Psycnologist.  BS,  University  of  Louisville,  1956,  Ex¬ 
perimental  Psychology. 

KYSOR,  KRAGG  P.,  SP/4,  Clinical  Psychology  Speciahst/Research  (915,14)  AB,  Boston 
University,  I960  Tests  and  measurement. 


C.  BIBLIOGRAPHY  OF  PUBLICATIONS  SINCE  LAST  CONFERENCE  REPORT 
(1)  In-house  Studies: 

Bowers,  M.B.,  Sim,  V.M.,  and  Goodman,  E,  Some  behavioral  changes  in  man  following 
anticholinesterase  administration.  Paper  read  at  the  Federation  Meetings,  Atlantic  City. 
April  1962. 

Craig,  F.N.,  Cummings,  E.G.,  and  Bales,  P.D.  Contribution  of  the  E33  hood  to  heat  stress  in 
men  wearing  CBR  protective  clothing.  USACRDL  Technical  Report  No.  3101,  December 
1961. 
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Cummings,  £.G,,  Marrero  J.,  and  Bird,  £.  Seventy-two  hour  outdoor  wearing  trial  of  in¬ 
dividual  CBR  protective  clothing  with  Mlt  mask  and  E33  hcou  under  simulated  combat 
conditions.  USACR*>L  Technical  Report  No.  3097,  September  1961. 

Jackson.  S.£.  and  Clovis,  £.R.  Human  factors  evaluation  of  Mask.  Antiflash,  Rock  Launcher, 
M19  (improved).  USACRDL  Technical  Memorandum  No  25-6,  April  1962 

Ketihum,  J.S.  The  future  threat  of  psychochcmtcal  warfare  (U).  Paper  read  at  NATO  Meet¬ 
ings,  Paris,  June  1962. 

Ketchum,  J.S.  and  Goodman.  E.  Human  responses  to  four  anticholinergic  delirients  (U). 
Paper  read  at  Army  Science  Conference.  West  Point,  June  1962. 

(2)  Other 

Coe,  G.B,,  Craig,  F.N..  and  Phillips,  C.R.  Field  experiment,  estimation  of  casualty  effects 
due  to  surprise  chemical  attack  and  significance  of  protective  masK  leakage  (U).  Short 
title.  PROJECT  Samples,  combat  Development  Project  Report  CMLCD  62731,  USA 
CBR  Combat  Developments  Agency.  Ft.  McClellan,  Alabama,  June  1962  (Confidential). 

Semi-Annual  Progress  Report  covering  the  period  2  October  1961  to  2  April  1962,  Contract 
Da18- 108-CML-6644,  “Aircrew  performance  decrement  resulting  from  ingestion  of  a 
selected  incapacitating  agent**  (U).  North  American  Aviation,  Inc.,  Downey,  California, 
April  1962. 
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2.  U.S.  ARMY  ENGINEER.  GEODESY.  INTELLIGENCE,  AND  MAPPING  RESEARCH  AND 
DEVELOPMENT  AGENCY,  FORT  BELVOm,  VIRGINIA 


Equipmrnl  Evaluation 


Date 

Estimated 

Titli* 

Experimepter(s) 

Started 

Comoletion 

Automatic  Mosaicker 

A.  Ar.son 

March  60 

August  62 

Components  have  been  delivered  and  accepted.  As  the  result  of  studies  in  the  Engineer¬ 
ing  Test  phase,  the  siae  and  design  of  the  operating  knobs  have  been  changed.  Tests  of  room 
illumination  have  led  to  a  maximum  safe- light  illumination  without  affecting  photographic 
processes.  Operator  selection  of  filmimages  has  been  solved  by  the  invention  of  a  collimating 
mark  reflector  on  the  positioning  printer.  The  fumes  of  an  alcohol  and  ammonia  mixture  used 
in  an  integral  procedure  were  removed  with  the  installation  of  an  exhaust  hose  with  an 
exterior  exhaust  fan  Machine  mounted  instruction  cards  printed  in  white  on  red  were 
changed  to  white  on  black  for  easier  reading.  The  floor  height  of  the  easel  frame  was  raised 
to  23  l/2  inches  for  operator  comfort. 

2.  Supporting  Research*  None 

B.  BIBLIOGRAPHY  OF  PUBLICATIONS  SINCE  PREVIOUS  ANNUAL  CONFERENCE  (Not 

Previously  Reported) 

None 

C.  BIOGRAPHICAL  DIRECTORY  OF  PROFESSIONAL  PERSONNEL 


None 
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3  U.S.  APMY  ENGINEER  RESEARCH  AND  DEVELOPMENT  LABORATORIES,  FORT 


BELVOIR,  VIRGINIA 

A  CURRENT  WORK  PROGRAM 

1.  Equipment  Evaluation 

Date 

Estimated 

Title 

Experimenter  (s) 

Started 

Completion 

a  Mobile,  Floating 
Assualt  Bridge/ 

Ferry 

J.F.  Christian 

April  62 

May  62 

A  human  factors  review  was  made  nearthe  end  of  the  engineering  design  stage  and  recom¬ 
mendations  submitted  for  consideration. 

b.  15, COO  BTU  J.F.  Christian  March  62  March  62 

Healer 

A  human  factors  review  was  made  ofthe  prototype  heater.  The  front  panel  was  redesigned 
to  permit  safer  operation. 

c  Armored  Vehicle  J.F.  Christian  June  6l  June  62 

Launched  Bridge/M60 

A  configuration  design  of  the  crew  compartment  to  satisfy  human  factors  and  engineering 
requirements  was  created  for  consideration  in  any  future  major  design  of  the  AVLB/M60. 

d.  Long  Range  Survey  J.F.  Christian  June  62  June  62 

System,  GIMRADA 

At  the  request  of  GIMRADA  a  human  factors  review  was  made  of  the  prototype  components 
and  recommendation  was  made  for  current  and  future  changes 

e.  Binoculars,  K.G.  Johnson  June  S8  i96S 

Working  to  vision  relationships  of  wearer  under  conditions  of  apparent  eye  point  from  true 
eye  point,  limitations  of  depth  of  focus  and  stereo  vision  effects  when  using  night  vision 
binoculars  incorporating  image  tubes.  In  addition  to  visual  performance,  comfort,  weight, 
and  balance  factors  for  wearer  under  prolonged  usage  under  field  conditions  must  be  also 
considered. 


f.  (1)  Small  Starlight 

Scope 

R.  Uhier 

1962 

1964 

(2)  Unit  Commanders 
Observation  Tele¬ 
scope 

H.G.  Johnson 

1962 

1964 

(3)  Night  Observation 
Device 

J.  Updegraff 

1962 

1964 

(4)  Passive  Sight  for 
Crew  Serviced 
Weapons 

J.  Updegraff 

1962 

1964 

Night  Vision  aids  for  individual  soldier  required  for  observation  and  sighting  of  weapons 
Visual 'performance  of  resolution,  brightness,  contrast,  magnification,  field  of  view,  and  eye 
relief  are  considered.  These  devices  use  image  intensifier  tubes  together  with  objectives  and 
occular  lenses  to  provide  direct  vision  capability  at  night.  Viewers  must  be  operated  under 
arctic  conditions,  as  well  as,  temperature  and  tropical. 

g.  Image  intensifter  for  J.  Parton  1962  1967 

Helicopter  Night 
Operators 
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Night  Vision  aid  for  AchcopWr  mght  operation  including  pilot  operation  and  observer 
viewing.  Presentation  must  be  such  that  pilot  can  use  night  vision  presentation,  see  his 
instruments,  and  use  unaided  vision  where  possible.  Visual  presentation  must  present 
magnified  view  for  distant  objects  but  maintain  perspective  of  height  and  orientation.  Both 
direct  view  and  remote  view  mght  vision  systems  are  being  studied. 


h,  Sound  Reduction  in  T.D.  Cooper 

1  June  61 

Initial  Phase 

High-Speed  Prime 

Comp. 

Movers  and  Elect,  cal 

Machinery 

The  sound  pressure  levels  being  encountered  in  modern  high  speed  prime  movers  and 
electrical  machinery  exceed  damage  risk  criterion  for  human  ear.  This  study  covered  an 
investigation  to  establish  criterion  for  a  4-hour  operating  cycle  and  design  of  sound  reduction 
system  in  the  Primary  .’ower  Station  for  the  Pershing  Missile. 

1.  Universal  -ogineer  W.H.  Leathers  June  60  1964 

Tractor  (Crawler) 

A  full  scale  mock-up  of  the  armored  cab  and  controls  cf  the  tractor  was  constructed,  a 
study  was  made  of  control  placement  and  operation,  adequacy  of  space,  and  vision.  Changes 
were  made  to  vehicle  design  based  on  this  study  prior  to  fabrication  of  the  vehicle. 

j.  Load  Bank  Generator  T.V.  Smith  June  60  June  63 

Alternator  Tester 

A  human  factors  study  was  made  on  the  engineering  prototype  model.  Re-arrangement  of 
controls,  circuitry  and  meters  resulted  in  increased  operator  safety  and  ease  of  operation. 

k.  Crane,  Rough,  J.K.  Knaell  Jan  60  Jul  62 

Terrain  20- Ton 

The  crane  was  modified  to  enhance  safety  and  provide  for  ease  of  daily  lubrication.  Larger 
cab  and  access  doors  were  provided  to  improve  ease  of  maintenance  on  upper  works.  Pres¬ 
ently  machine  is  being  service  tested  which  includes  evaluation  of  above  described  modifi¬ 
cations. 

l.  Umversal  Engmeer  S.F.  Williams  Nov  60  Nov  63 

Tractor  tKubber- Tired) 

Modifications  were  made  m  the  equipment  in  accordance  with  recommendations  made 
during  ease  of  maintenance  review.  Changes  are  being  made  to  the  operators  compartment 
to  increase  comfort  during  cold  weather  operation.  Additional  changes  to  the  item  will  be 
made  as  a  result  of  human  factors  engineering  studies  to  be  conducted  during  service  tests. 

m.  2S«Ton  Engmeer  H.B.  Bennett  1957  1964 

Equipment  Transporter 

A  contract  has  been  awarded  for  a  new  gooseneck  to  make  the  25-ton  Equipment  Trans¬ 
porter  compatible  with  the  new  830M  Caterpillar  Tractor.  Human  Factors  consideration  have 
dictated  several  changes  which  will  be  incorporated  in  the  new  gooseneck.  Hydraulic  cylinder 
with  which  to  manipulate  the  gooseneck  when  detached  from  the  transporter  will  be  provided. 
All  controls  for  raising,  lowering,  and  manipulating  the  gooseneck  during  connecting  and  dis¬ 
connecting  operations  will  be  relocated  so  that  the  operator  can  see  the  gooseneck  and  the 
point  of  separation  of  the  gooseneck  from  the  transporter. 

n  Metascope  A.E.  Dilliard  Jan  62  Dec  62 

A  coupling  of  the  functional  design  approach  of  value  analysis  ohu  the  nian-machine  con¬ 
cept  of  human  factors  was  made  in  aneffort  to  reduce  cost,  complexity  and  maintenance  time, 
and  to  increase  operational  efficiency  in  the  end-use  environment.  Design  ci.«:ige  recom¬ 
mendations  are  being  formulated. 

o.  Ion  Exhange  Unit  Richard  Gainey  1  Jul  62  30  Jan  64 

Evaluate  instrument  locations,  working  areas,  and  bai»»’»ious  chemical  requirement  from 
human  factors  standpoint. 


p.  Foam  Generator  750  J.Malcolm  21  Jun  62  30  Jun  63 

gpm  cap.  liquid  (moduication 

throughout,  gasoline  contract  date) 

engine  driven,  two 
wheel  trailer  mounted, 

300  U.S.  gal.  foam 
liquid  storage  t<inK 

The  foam  generator,  trailer  mounted,  i$  a  functional  component  of  petroleum  fuel  depots 
as  prescr.oed  in  TM  5-302  “Construction  in  the  Theatre  of  Operations”  dated  October  1958, 
capable  of  being  used  m  mobile  or  semif>xcd  coniigurations  for  fuel  storage  fire  protection. 
iingAn^ering^'Service  tests  are  scheduled  Fy63  to  determine  troop  operational  compa*  ^jhty, 
and  manpower  requirements  m  the  mobile  and  semifixed  configurations  of  use.  Human  factors 
are  being  evaluated  also  in  terms  oi  operating  controls  for  the  foam  generating  umt. 

q  Antiveuicular  Mine  Ii.C.  Smith  I960  1961 

Item  was  evaluated  from  the  standpoint  of  operator  convenience,  fatigue,  and  safety,  con¬ 
sidering  operator  position,  standing.  Sitting  and  walking  Also  considered  were  ease  of  com¬ 
munication  with  the  driver,  night  operation,  location  of  personnel  and  combat  gear,  and  ne¬ 
cessity  for  recording  data. 

2.  Support  Research 


Title 


Anthropometric  Survey 
of  the  Dynamic  Dimen¬ 
sions  of  the  Soldier 

User  Review  of 
Camouflage  for  the 
Individual  Combat 
Soldier  in  the  Field 

Redesign  of  Engine  U 
Battery  Enclosure  of 
Airborne  Crane 

B.  BIBLIOGRAPHY  OF  PUBLICATIONS  SINCE  PREVIOUS  ANNUAL  CONFERENCE 

{Not  Previously  Reported) 

Humphreys,  Adolph  H.  and  Gee,  David  L.,  “Experimental  Design  for  User  Review  of 
Camouflage  for  the  individual  Soldier  in  the  Field.”  Revised  6  April  1962,  U.S.  Army 
Research  and  Development  Laboratories,  Fort  Belvoir,  Virginia. 

Humphreys,  Adolph  H.  and  Gee,  David,  L.,  “Supplement  to  Experimental  Design  for  User 
Review  of  Camouflage  for  the  individual  Soldier  in  the  Field,'*,  15  May  1962,  U.S.  Army 
Research  and  Development  Laboratories,  Fort  Belvoir,  Virginia 

Christian,  John  F.,  “Ergonomics  ~  Palliative  or  Definitive^",  Ergonomics,  Volume  5, 
Number  1,  January  1962. 

Christian,  John  F.,  “Human  Factors  Evaluation  of  the  Crew  Compartment  of  the  Armored 
Vehicle,  Launched  Bridge,  M-60”.  Unnumbered,  December  1961,  U.S.  Army  Research 
and  Development  Laboratories,  Fort  Belvoir,  Virginia. 
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4.  U.S.  ARMY  HUMAN  ENGINEERING  LABORATORIES,  ABERDEEN  PROVING  GROUND, 
MARYLAND  AND  FORMER  ORDNANCE  CORPS  ARSENALS 

A.  CURRENT  WORK  PROGRAM 
1.  S /stems  Research 

The  Systems  Research  Laboratory,  with  seven  (7)  branches,  is  the  laboratories 
agency  for  the  conduct  of  applied  research  studies  and  the  application  of  human  factors 
engineering  data  to  material  in  the  RDT&E  cycle.  Whereas  m  the  past  the  Systems  Research 
Laboratory  has  been  confined  in  its  efforts  to  Ordnance  material,  exceptmg  limited  work 
for  'transportation  and  Engineer  Corps,  this  laboratory  will  be  responsible  in  the  futur*  for 
all  materiel  developed  within  Army  Materiel  Command. 


Proiect 

Branch 

Date 

Started 

Estimated 

Completion 

a.  Carrier,  Cargo,  1/2-ton 
Tracked,  Articulated  XMS71 

Mobility  Br. 

Dec  1961 

Continuing 

The  effort  on  this  program  is  to  provide  consultation  to  the  prime  contractor 
through  Ordnance  Tank-Automotive  Command.  During  PY  62  effort  was  directed  towards 
a  detailed  design  review  of  the  driver’s  station,  the  squad  area,  maintenance,  and  litter 
carrying  capability  of  the  carrier.  This  project  will  continue  through  PY  63  with  the  addi¬ 
tional  task  of  supporting  recommendations  through  the  monitoring  of  developmental  and 
environmental  tests. 

b.  Carrier,  Universal,  Four-  Mobility  Br.  Dec  1961  Continuing 

Man  Cab,  XMS47-S48 

During  PY  62  project  personnel  have  reviewed  contractors  mock  ups  and  pilot 
vehicles.  Reports  have  been  made  to  OTAC,  resulting  in  modifications  m  the  driver's 
station  and  accessibility  for  organisational  maintenance.  Continuation  of  this  program 
through  63  is  dependent  upon  the  acceptability  of  the  contractors'  overall  program. 

c.  Armored  Squad  Carrier  Mobility  Br.  Peb  1961  Continuing 

Concept 

The  original  work  conducted  during  FY  61  on  the  establishment  of  the  tOial  combat 
task  requirements  provided  the  basis  for  the  design  and  development  of  a  full  scale  mock- 
up  of  the  personnel  carrier.  During  PY  62,  the  mock-up  was  completed,  and  detailed 
studies  on  seating,  confinement,  and  stowage  were  conducted.  During  PY  63  evaluations  of 
this  mock-up  with  a  full  crew  wiU  be  conducted  for  various  confinement  periods  and  com¬ 
pared  with  results  obtained  from  the  M-113  confinement  studies. 

d.  Development  and  Testing  of  Mobility  Br.  June  1962  Continuing 

Seats  for  Armored  Tracked 

Vehicles 

This  project  was  undertaken  as  a  detailed  attempt  to  overcome  the  deficiencies 
in  seating  for  tank  personnel  which  had  been  revealed  in  prior  evaluations  of  such  vehicles 
as  the  M48,  M60,  etc.  Two  separate  areas  are  under  consideration.  The  first  is  a  new 
concept  of  a  scat  for  the  tank  commander’s  position  which  will  permit  the  commander  to 
rapidly  and  efficiently  translate  bis  seat  height  to  accommodate  his  many  functions  which 
range  from  commander  control  to  radio  and  fire  control  operations.  For  this  purpose  a 
concept  has  been  built  and  demonstrated  to  both  OTAC  and  CONARC  personneL  Detailed 
sabrieation  of  an  operational  seat  unit  is  underway  and  will  be  installed  in  a  M60  tank  for 
final  evMuation.  The  second  area  under  consideration  is  the  general  seat  requirements 
for  drivers,  gunners,  and  support  personnel  of  seU-propeiled  howitzers  and  tanks.  The 
basic  problem  under  consideration  is  the  design  of  seats  which  will  permit  adequate  support 
and  comfort  in  tanks  and  for  the  self-propelled  howitzer  as  an  additional  restraining  device 
to  permit  personnel  to  safely  ride  on  such  vehicles.  Assembly  of  the  combat  seats  is  in 
progress  and  final  testing  will  be  accomplished  during  PY  63. 

e  Truck,  Cargo  1-1/4  Toa,  Mobility  Br.  July  1962  Continuing 

XM661 
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Project 


Branch 


Date 

Started 


Estimated 

Completion 


During  FY  62  OTAC  personnel  drew  up  the  technical  requirements  for  a  develop¬ 
ment  program  on  the  subject  vehicle.  The  Human  Engineering  Laboratories  prime  role 
during  this  phase  '"as  to  develop  a  “Manual  of  Standard  Practices  for  Human  Factors  in 
Mil'tary  Vehicle  Design”,  TM  21-61,  specifically  for  the  purpose  of  including  tnis  in  the 
des.gn  as  part  of  the  package  in  the  request  for  bids  from  industrial  contractors.  In  addition, 
project  personnel  were  included  on  the  Evaluation  Committee  for  selecting  the  final  con¬ 
tractor  for  development  of  this  vehicle.  This  development  program  will  continue  through 
FY  65  with  the  Human  Engineering  Laboratories  providing  consultative  services  to  both 
OTAC  and  the  prime  contractor  in  addition  to  continuing  studies  on  an  as  requeste  basis. 

f.  SHILLELAGH  Sub-System  Mobility  Br.  Sep  1959  Continuing 

This  IS  a  continuing  in-house  program  During  FY  62  the  Human  Engineering 
Laboratories  provided  consultative  monitoring  and  coordinating  services  on  the  many  human 
factors  aspects  of  the  SHILLELAGH  Sub-System.  Primary  effort  was  related  to  the  devel¬ 
opment  of  the  conceptualised  operational  procedures  of  the  SHILLELAGH  in  conjunction 
with  its  integration  into  the  ARVT.  During  FY  63  emphasis  will  probably  be  directed  to¬ 
ward  looking  at  the  capability  of  SHILLELAGH  to  be  employed  in  a  ground  mount  role. 
In  this  instance  the  guidance  and  control  components  will  be  especially  critical. 

g.  Ground  Effects  Machines-^  Mobility  Br.  May  1962  Continuing 

Air  Cushion  Vehicles 

In  conjunction  with  the  Mobility  Command,  project  personnel  are  actively  engaged 
in  determining  the  control  parameters  of  a  Genaric  air  cushion  vehicle.  The  initial  effort 
IS  largely  confin^e  to  gathering  and  analysing  control  information  from  various  sources. 
Based  on  the  analyses,  several  studies  of  control  parameters  wiU  be  investigated,  using  a 
simplified  GEM,  with  a  v:ev  toward  the  development  of  control  specifications  and  in  as 
great  detail  vs  possible  Thsse  specifications  will  be  used  to  guide  the  development  of  a 
tactical  ground  effects  machine  vehicl*. 


h.  A/RVT  Arvnorod  Reconnaissance  Mobility  Br.  Feb  196C  Continuing 
Vehicle,  Tracked,  XM551 

During  FY  6?_  project  personnel  continued  to  support  OTAC  and  its  prime  con- 
trailer  in  the  solutio*t  and  application  of  human  factors  engineering  to  the  design  of  the 
A/RVT.  The  major  FY  62  arcomplishments  were  (1)  solution  of  the  firing  shock  problem 
evidenced  daring  tnfc  firing  of  the  conventional  weapon  by  a  redesign  of  the  gunner's  brow 
pad,  (2lpreparation  of  a  human  factors  deaign  standard  fo;  incorporation  in  the  basiccontract 
between  OTAC  and  the  pritne  contractor,  (3)  detailed  review  of  final  mock-up  and  pilot 
#l  w/th  specific  design  recommendations,  and  (4)  preparation  of  the  human  factors  test 
requirements  be  conducted  within  the  engineering  test  plan.  The  work  effort  for  63  will 
be  directed  toward  detailed  evaluation  of  pilot  vehicles  and  investigations  of  deficiency  of 
spotting  rCMi!d  techniques  for  the  *:onventional  weapon,  mechanical  vision  problems,  work¬ 
space  allocations,  a'ld  ammunition  handling. 

i.  SPIW.  Special  Purpose  Infantry  Weapons  Br.  May  1961  Continuing 

Weapon 

During  FY  62  a  senes  of  studies  were  performed  to  evaluate  deferent  SPIW 
concepts  and  to  estchlish  relationships  bet-'cen  system  parameters  such  as  weight,  centers 
of  g.rfvity,  impulse  and  accuracy.  Rfsultant  data  is  being  evaluated  and  wiU  be  included 
5S  a  part  of  the  technical  requirements  for  a  development  program.  Work  on  this  project 
will  continue  through  the  complete  development  program. 

1.  lOS-mm  HowitseTf  XM102-104  Weapons  Br.  Oct  1960  Continuing 

During  FY  62  detailed  consultation  has  been  provided  to  the  developing  agency 
m  the  areas  of  workspace  layout,  task  analysis.  eniplacem*nt  and  loading  problems,  and  a 
general  fire  control  problem.  Human  factors  design  studies  have  been  completed  for  the 
environmental  cover  for  this  weapon  and  its  crew  and  for  seat  designs  with  safety  harness 
to  permit  the  efficient  transportation  of  personnel.  Studies  have  been  xnitiated  to  evaluate 
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Date  Sstimated 

Project  Branch  Started  Completion 

the  direct  fire  capability  asing  a  spotting  rifle  and  to  evaluate  the  requirements  for  hearing 
protection  during  firing  of  the  weapon.  Evaluation  of  prototype  hardware  is  planned  for 
FV  63 

k  Heavy  Assault  Weapon  (TOW)  Weapons  Br.  Nov  I9bl  Continuing 

During  FY  62  the  Human  Engineering  Laboratories  were  requested  to  parti¬ 
cipate  in  a  program  designed  to  determine  the  feasibility  of  the  TOW  concept.  Within 
this  feasibility  program  the  Human  Engineering  Laboratories  were  given  responsih'lity 
for  de /eloping  the  feasibility  of  tracking  mounts  ana  establisnmg  those  criteria  to  opti¬ 
mise  human  tracking  for  this  weapon.  The  current  feasibility  study  has  been  extended 
to  include  the  operational  hazards  as  well  as  the  operational  requirements  for  the  system. 

1  HU  IB/SS- i  1  Helicopter  Weapons  Br.  July  1961  Continuing 

Armament 

This  program  was  designed  to  evaluate  the  gunner’s  task  with  respect  to  heli¬ 
copter  dynamic  optical  sights  and  missile  controls  in  order  to  provide  human  factors  criteria 
for  optimum  installation.  During  FY  62  the  primary  effort  has  consisted  of  the  prepara¬ 
tion  of  test  methodology  to  establish  the  criterion  information  without  the  necessity  of 
flying  helicopters  and  expending  missiles.  In  addition,  a  complete  evaluation  of  the  SS- 11 
operator’s  control  units  and  workspace  layouts  were  performed.  This  program  is  extended 
to  continue  through  FY  63. 

m.  81mm  and  4.2  Mor*  .*8  Weapons  Br.  Aug  1960  Continuing 

During  FY  62  the  evaluation  of  the  4,2  Mortar  was  completed  and  an  o*!t)ine  of 
applicable  human  engineering  data  compiled.  This,  m  conjunction  with  a  mortar  portability 
study,  resulted  in  recommendations  which  provide  substantial  imprc  emsnts  for  the  4.2 
Mortar.  A  preliminary  investigation  of  the  Mortar  Platoon  has  been  completed  in  which 
the  overall  accuracy  was  recorded  during  a  series  of  platoon  missions.  Current  and  future 
effort  will  consist  of  monitoring  new  material  developments,  evaluation  of  new  concepts 
with  respect  to  the  military  characteristics,  and  the  study  of  fire  control  equipment  and 
procedures  in  a  continuing  effort  to  reduce  human  errors. 

n.  Medium  Assault  V/eapon  Weapons  July  1962  Continuing 

This  is  a  new  project  within  the  Human  Engineering  Laboratories  and  is  pri> 
manly  concerned  with  es'aiuating  concepts  to  determine  the  feasibility  for  development 
of  a  new  Medium  Assault  Weapon.  The  Human  Engineering  Laboratories  responsibilities 
are  to  provide  the  human  factors  criteria  in  the  areas  of  accuracy,  firing  hazards,  and 
operational  compatibility  for  the  MAW  System. 

o.  Limited  Warfare  Weapons  July  1962  Continuing 

The  purpose  of  this  task  within  the  Human  Engineering  Laboratories  is  to  develop 
realistic  human  factors  criteria  to  use  as  a  base  for  design  and  evaluation  of  limited  war¬ 
fare  materiel.  The  orientation  of  this  project  is  to  establish  categories  of  human  factors 
criteria,  particularly  to  limited  warfare  operations.  This  background  will  be  the  founda¬ 
tion  for  the  application  of  human  engineering  to  the  concept,  design,  and  evaluation  of 
weapons  and  equipment  being  designed  for  limited  war  usage. 

p.  Mauler  Missile  Br.  May  I960  Continuing 

The  FY  63  program  for  human  factors  engineering  of  thi  auler  System  will 
be  a  continuation  of  the  work  performed  during  FY  61.  During  FY  bl  the  program  was 
primarily  oriented  towards  isolating  and  defining  the  potential  human  factors  problem 
areas  v/hich  required  detailed  design  solutions.  During  FY  63  project  personnel  will  moni¬ 
tor  the  operational  and  acoustic  tests  to  be  conducted  at  Aberdeen  Proving  Ground. 

q.  NIKE  ZEUS  Missile  Br.  Sept  1961  Continuing 

During  FY  62  project  personnel  performed  a  human  factors  evaluation  of  the 
near  tactical  components  of  the  Zeus  system  to  determine  those  areas  of  human  factors 
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deficiencies  v-h^ch  re<luire  solution  prior  to  release  for  final  production.  A  report  on  the 
initial  phase  has  been  prepared  and  distributed  to  AOMC.  The  second  phase  to  be  con¬ 
ducted  in  FY  63  Mill  be  a  more  detailed  evaluation  of  the  as  vet  non-tactical  components 
lo  insure  that  their  des'^i  will  be  compatible  with  the  currently  existing  tactical  equip¬ 
ment. 

r.  Pershing  Missile  Br.  Oc*  1958  Continuing 

During  FY  62  the  Human  Engineering  Laboratories  have  continued  to  s*  pport 
the  Pershing  R&D  Office  in  adoition  to  starting  on  a  human  factors  program  for  the  Indus¬ 
trial  Division..  This  phase  shifting  between  R&D  and  Industrial  will  insure  the  continuity 
of  human  factors  designs  throughout  production  of  the  system.  The  industrial  program  con¬ 
sists  cf  detailed  review  of  Pershing  Memoranda  to  insure  consistency  with  previous  RScD 
designs  and  decisions.  The  primary  FY  62  Pershing  R&D  effort  v'as  directed  toward 
finalisation  of  count-down  procedures,  noise  hazards  evaluation,  communication  require¬ 
ments.  and  establishment  of  human  factors  test  requirements  for  the  final  weapon  system 
test  program. 

s.  Missile  B  Missile  Br.  Sept  1962  Continuing 

This  project  is  scheduled  to  begin  during  the  first  quarter  of  FY  63.  Consulta¬ 
tion  has  been  continuing  with  Missile  B  project  personnel  as  an  attempt  to  specify  the 
detailed  human  factors  requirements  in  support  of  the  Missile  B  program. 

t.  NIKE-HERCULES  Missile  Br.  Dec  1961  Con^muing 

During  the  third  quarter  FY  62,  Human  Engineering  Laboratories  provided  con¬ 
sultation  services  to  AOMC  and  their  civilian  prime  contractors  on  the  human  factors  prob¬ 
lems  which  required  solution  for  the  development  of  the  ATBM  missile.  Consultation 
services  will  be  continued  through  FY  63  on  ai»  “as  required”  basis, 

u.  SERGEANT  Missile  Br.  Jan  1958  Continuing 

During  FY  62  studies  were  conducted  to  determine  estimates  of  computer  opera¬ 
tion  reliability,  in  terms  of  freedom  from  human  error,  and  speech  intelligibility  levels 
which  can  be  expected  during  tactical  operation  of  the  SERGEANT  firing  set.  Recommen¬ 
dations  were  made  on  the  basis  of  an  analysis  of  the  data  which  could  significantly  and 
practically  improve  the  operator’s  performance.  The  extreme  temperature  tests  of  the 
SERGEANI  at  Eghn  AFB  climatic  chamber  were  monitored  and  studies  of  the  critical 
sub- systems  were  made  to  determine  whether  extreme  weather  conditions,  including  wind 
and  rain,  could  be  expected  to  induce  a  decrement  in  the  physical  or  mental  performance 
level  of  the  crew. 

V.  ML-1  and  ML-lA  Mobile  Low  Missile  Br.  Sept  1961  Continuing 

Reactor  Prototype 

During  FY  62  project  personnel  conducted  a  detailed  evaluation  of  the  ML- 1 
control  cab  to  determine  xf»  iperabiUty  and  effectiveness  as  the  central  control  for  plant 
functioning.  A  control  cab  mocK-u>  was  fabricated  to  aid  in  the  investigation.  A  report 
containing  all  of  the  deficiencies  and  recommendations  of  this  phase  was  published  as 
TM  8-62.  The  FY  63  effort  wiU  be  directed  toward  (1)  establishing  a  recommended  design 
for  a  ML-  lA  control  cab  and,  (2)  investigating  the  power  conversion  skid  to  evaluate  the 
equiv>^c7it  and  tasks  associated  with  maintaming  the  equipment  and  preparing  the  skid  for 
operation.  This  work  is  being  done  for  the  U.  S.  Army  Corps  of  Engineers. 

V/.  Mobile  High  Power  Reactor  Missile  Br.  July  1962  Continuing 

MHIA 

The  Corps  of  Engineers  have  requested  the  Human  Engineering  Laboratories  to 
undertake  a  human  factors  evaluation  of  the  Mobile  High  Power  Reactor,  MHIA.  Project 
oersonnel  will  evaluate  the  general  MHIA  plant  design,  operations,  and  equipment.  It  is 
anticipated  that  a  mock-up  of  the  proposed  control  console  will  be  fabricated  to  provtie  for 
incorporating  and  illustrating  recommendations  for  the  most  efficient  human  factors  engi¬ 
neering  design. 
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2.  Supporting  Research 


The  Supporting  Research  Laboratory  conducts  basic  and  applied  human  factors 
research.  This  research  is  oriented  to  define  and  capitalize  on  the  capabilities  and  limita¬ 
tions  of  Army  equipment  operators  under  a  wide  variety  of  operational  and  environmental 
conditions. 

Three  branches*  Fire  Control.  Applied  Psychophysiology,  and  Environmental, 
conduct  a  program  of  investigation  which  includes  the  following  current  tasks; 

Date  Estimated 

Project  Branch  Started  Completion 

a.  Army  Aircraft  Armament  Fire  Control  Br.  Jan  1961  Continuing 

This  task  is  to  establish  baselines  tor  {!)  probability  of  detection  of  military 
ground  targets,  (2)  the  types  of  ground  targets  most  likely  to  be  detected,  (3)  the  accuracy 
with  which  the  slant  range  to  such  targets  may  be  estimated  and  (4)  evaluating  mechanical 
optical,  or  electronic  aids  for  both  ground  target  detection  and  range  estimation.  To  in¬ 
vestigate  the  problems  of  nap-of-the-earth  navigation  and  aircraft  vulnerability.  One 
ground  target  detection  study  and  one  range  estimation  study  have  been  completed  and  the 
results  published.  It  is  anticipated  that  most  effort  will  be  concentrated  this  fiscal  year  on 
problems  of  low  level  navigation  and  aircraft  vulnerability. 

b.  Aerial  Television  Fire  Control  Br.  March  1961  Continuing 

Sensor  and  Remote  Monitor 

This  task  was  initiated  to  determine  operator  limitations  and  acceptable  display 
degredations  for  detection,  acquisition  and  closing  course  tracking  of  ground  targets  b> 
^.ay  of  a  remote  display  from  an  aerial  television  camera.  One  pilot  study  of  perceptual 
acuity  has  been  conducted  and  a  literature  survey  and  review  of  similar  investigations 
have  been  completed. 

c.  Television  Use  m  Remote  Fire  Control  Br.  July  1962  Continuing 
Ground  Vehicle  Control 

The  purpose  of  this  task  is  to  determine  the  ability  of  a  man  to  (1)  remotely 
maneuver  a  vehicle  over  various  types  of  terrain  using  television  as  his  visual  contact 
and  (21  identify  various  target  types  while  under  way.  While  awaiting  maneuverable  wheeled 
vehicles  adaption,  studies  of  range  estimation  from  stationary  television  cameras  are 
currently  being  conducted  and  the  effects  of  camera  speed  on  target  detection  wiU  be  in¬ 
vestigated  utilizing  a  television  camera  mounted  on  a  remoiely  controlled  railroad  cart. 


d  Telescopic  Rifle  Sight  Fire  Control  Br.  April  1962  Continumg 

Magnification 

The  effects  of  sight  magnification  from  2  5x  to  8x  will  be  evaluated  under  con¬ 
ditions  of  normal  and  stress  time  intervals,  A  pilot  study  using  Army  riflemen  of  '‘Marks¬ 
man.  Snarpshooter  and  Expert”  classification  has  been  conducted  for  magnifications  of 
2.5x,  4x.  6x  and  8x  under  both  stress  conditions. 

c.  Vigilance  App.  Psy.  June  1959  Continuing 

This  task  is  being  conducted  as  a  multi-phase  in-house  research  program.  Current 

emchasis  is  on  the  effects  of  feedback  upoji  monitoring  performance  It  has  been  demon- 
st'aic<i  that  feedback  (knowledge  of  results)  can  eliminate  performance  decrement.  Feedbac'« 
in  the  form  of  mild  electric  shock  was  found  to  be  no  more  effective  than  auditory  feedback 
in  the  initial  monitoring  session.  Studies  during  FY  1963  will  be  concerned  with  the  poss.ble 
differential  transfer  effects  of  punishing  and  non-punishing  feedback. 

f.  Design  of  a  Picture  Language  App,  Psy.  July  1961  Thru  FY  64 

To  Identify  Vehicle  Controls 

This  task  was  initiated  to  develop  a  non-verbal  system  of  labelling  wheele'^ 
vehicle  controls,  enabling  foreign  personnel  (c.g.»  of  the  NATO  group)  to  operate  equip¬ 
ment  with  a  minimum  of  training.  A  tentative  set  of  picture  symbols  has  been  constructed. 
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and  IS  now  being  evaluated.  Effort  during  FY  63  will  be  directed  at  final  evaluations  and 
extensions  of  the  symbol  aet  to  all  dials,  meters,  guages  and  warning  lights. 

g.  Pnysical  Force  Problems  App.  Psy.  Aug  1962  Continuing 

The  purpose  of  this  program  is  to  determine  the  energy  cost  of  selected  physical 
tasks  and  the  effects  of  such  energy  cost  upon  the  fulfillment  of  primary  and  secondary 
job  requirements.  This  will  include  studies  of  rotary  work  and  load  carrying.  With  respect 
to  rotary  work,  such  variable  as  torque,  handcrank  dimensions,  and  placement  of  cranks 
will  ne  investigated.  The  load  carrying  capability  studies  will  emphasize  the  design  features 
of  containers. 

h.  Check- Reading  Displays  App.  Psy.  June  1962  Nov  1962 

The  efficiency  oi  various  check  reading  displays  will  be  evaluated  under  condi¬ 
tions  of  (1)  brief  exposure  and  (2)  prolonged  monitoring. 

i.  Auditory  Localization  of  App.  Psy.  July  1962  Continuing 

Combat  Sounds 

The  purpose  of  this  program  is  to  determine  those  characteristics  of  selected 
battlefield  sounds  that  contribute  to  auditory  localization.  A  comparison  of  battlefield 
sound  localization  and  localization  of  pure  tones  will  be  made.  Testing  will  be  performed 
with  and  without  combat  headgear.  The  data  will  be  used  for  two  purposes:  (1)  as  an  aid 
to  the  development  of  techmques  in  object  identify  ation  and  (2)  as  an  aid  to  the  design  of 
weapons  with  minimal  or  maximal  sound  "signatures'*. 

j.  Optical  Magnification  Loss  App.  Psy.  Sept  1961  Nov  1962 

of  Perceived  Depth 

The  purpose  of  this  study  is  to  quantify  the  reduction  of  perceived  depth  under 
conditions  of  optical  magnification.  A  varipower  telescope  has  been  fabricated  to  speci¬ 
fications.  Data  obtained  will  provide  information  relevant  to  the  use  of  optics  for  ranging 
purposes. 

k.  Headlight  Placement  on  App.  Psy.  June  1962  Oct  1962 

Track-Laying  Vehicles 

The  task  was  initiated  to  evaluate  the  feasibility  of  mounting  headlights  to  the 
sides  or  aft  of  the  driver.  Two  phases  of  work  arc  involved.  First,  criteria  for  headlight 
evaluation  will  be  selected,  or,  if  unavailable  in  the  literature,  developed.  Second,  these 
criteria  will  be  used  to  evaluate  the  feasibility  of  several  proposed  mounting  locations. 

l.  Detection  cf  Figures  in  App,  Psy.  Sept  1961  June  1963 

Whiteout  Conditions 

The  purpose  is  to  explore  the  perceptual  consequences  of  a  uniform  visual  field 
(ganzfeld)  under  controlled  laboratory  conditions.  The  uniform  field  occurs  in  the  arctic 
and  occasionally  to  pilots.  In  both  cases  severe  visual  deficiencies  result,  such  as  myopia 
and  loss  of  depth.  The  studies  will  include  investigations  of  the  effects  of  colored  fields 
and  intermittent  lighting  upon  the  detection  i  figures  in  the  ganzfeld. 

m.  Operation  SWAMP  FOX  U  Env.  Br.  Aug  1962  During  FY  63 

The  purpose  of  this  program  is  to  obtain  quantitative  data  on  the  effects  of  a 
tropical  environment  upon  men  operating  military  equipment.  The  program  has  four  (4) 
major  objectives  1}  measurement  of  heat  stress  experienced  by  men  performing  regular 
military  duties,  i.e.,  operating  vehicles  of  interest  to  the  Army;  (2)  measurement  of  total 
thermal  balance  of  men  in  selected  tropical  environmental  situations.  (3)  assessment  of  the 
effects  of  a  hot  wet  emnnoimicmuponihe performance  of  men  confined  to  track- laying  vehicles 
for  prolonged  time  periods.  (4)  a  human  factors  survey  of  selected  vehicles  cf  interest  to 
the  Army  ”’ith  emphasis  on  tropical  employment.  These  data  will  be  obtained  during  Opera¬ 
tion  SWAMP  FOX  11  in  Panama  during  the  summer-fall  of  1962. 
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n  Effects  of  Noise  Exposure  on  Env.  Br.  Aug  1955  Continuing 

Auditory  Acuitv  in  the  Rhesus 
Monl'ey 

The  eventual  goal  of  this  program  is  to  provide  data  needed  for  the  development 
of  human  damage- risk  criteria  for  impulse  noise  exposure.  The  current  effort  includes 
the  establishment  of  quantitative  relations  between  auditory  threshold  shifts  and  selected 
noise  parameters,  using  the  Rhesus  monkey  as  the  experimental  subject.  Among  the  noise 
parameters  being  investigated  are  sound  pressure  level,  number  of  impulses,  and  im'^ulse 
rate /unit  time.  A  reliable  and  efficient  method  for  obtaining  audiograms  for  the  Rnesus 
monkey  has  been  developed.  A  group  of  animals  is  being  trained  and  will  be  tested  during 
FY  63. 

o.  Effect  of  Extreme  Tempera-  Env.  Br.  July  1962  July  1963 

ture  Upon  Performance 

The  purpose  of  this  program  is  to  evaluate  the  effects  of  thermal  gain  or  loss 
upon  combat  efficiency-  An  extensive  literature  survey  is  being  conducted  into  the  areas 
of  (1)  the  effects  of  temperature  extremes  and  {2)  the  criteria  of  human  performance  rele¬ 
vant  to  combat  performance.  Based  upon  the  data  obtained,  studies  of  efficiency  will  be 
earned  out  under  high  and/or  low  temperatures. 

p  Evaluation  of  a  Develop-  Env.  Br  April  1962  Late  FY  1964 

mental  Armored  Squad 
Carrier 

This  task  has  been  divided  into  two  phases  (1)  development  of  an  interior  layout 
for  future  armored  personnel  carriers,  cased  upon  available  dimensions  tor  such  future 
vehicles:  (2)  Empirical  comparison  of  the  proposed  interior  with  existing  vehicles  with 
respect  to  such  factors  as  loadmg  and  unloading  time,  ingress  and  egress  time,  and  effects 
of  prolonged  confinement  upon  crew  performance.  The  findings  of  the  HEL  program  “In¬ 
dividual  Capabilities  and  Limitations  of  Personnel  Operating  in  Armored  Vehicles'*  (FY 
61-62}  were  appliedtothedesignofthe proposed  interior  layout,  and  a  static  mock-up  has  been 
built  Evaluations  of  the  design  will  continue  throughout  FY  63  and  64. 

q.  Small  Arms  Effectiveness  Env.  Br.  Oct  1962  Continuing 

from  a  Mobile  Firing 

Platform 

This  is  an  outgrowth  of  HEL  task  “Evaluation  of  a  Developmental  Armored 
Squad  Carrier".  The  purpose  of  this  task  is  to  evaluate  the  ability  of  individual  riflement  to 
acquire  and  hit  targets  while  firing  from  a  moving  platform,  e.g.,  while  riding  in  a  squad 
carrier.  The  effects  of  terrain,  speed  of  vehicle,  and  firing  position  upon  rifle  accuracy  will 
be  investigated.  In  addition,  accuracy  will  be  evaluated  as  a  function  of  selected  weapon 
characteristics. 

r.  Exploratory  Study:  Wpns.  Br.  July  1962  Continuing 

“Psychweap" 


This  is  a  new  task  in  which  research  was  initiated  in  July  1962  This  is  a  clas¬ 
sified  project. 

PIC/i  fyiNY  arsenal,  DOVER.  NEW  JEl^EY 
1.  Project  Development 

a.  Currei.tly  active  projects  and  experimenters  are 


(1)  Nike  Eeus  Missile  System: 

(2)  Pershing  Missile  System: 

(3)  Sergeant  Missile  System 

(4)  Missile  B: 


M.  H.  Weasner 
J.  Kostakis 
J.  Kostakis 
M.  H.  Weasner 
G.  R.  DeTogm 
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(5)  Projectile*  atomic*  155mm; 
(it)  Engineer  Nuclear  Demolition 
(7)  Line  Charge  Design 


Date  Estimated 

Started  Completion 

J.  KostaKis 
G.  R.  DeTogni 
J.  Kostakis 


Branch 


b.  Human  Factors  Specialists  are  working  members  of  “design  teams”  throughout 
ail  phases  of  materiel  research  and  development  carried  out  by  Picatinny  Arsenal.  Analy> 
tical  and  emperical  methods  results  in  detailed  Human  Factors  evaluations  and  recommen¬ 
dations  for  consideration  and  implementation  by  Project  Managers,  are  used  in  the  following 
areas 

(1)  Weapon  system  analysis 

(2)  Personnel  sub-system  analysis 

(3)  Operating  and  procedural  manual  development 

(4)  Component  sub- system  analysis 

(5)  Check  out  and  maintenance  requirements 

(6)  Packaging  and  handling  design 

(7)  Stockpile  to  target  sequence  analysis 

(8)  Extreme  environmental  effects 


A  substanti<ii  portion  of  time  is  devoted  to  consulting  with  design  personnel  on 
matters  of  optimal  equipment  design,  psychological,  biological  or  anthropometric  data 
requirements,  or  disseminating  Human  Factors  ii^ormation.  Examples  of  current  projects 
in  this  area  and  their  scope  are: 

Experimenters 

a.  Anti-tank  and  anti-personnel  mines  P.  S.  Strauss 

(1)  detection  factors 

(2)  identification  factors 

(3)  recovery  techniques 

(4)  Arming  and  safmg  problems 

b.  Packaging  and  handling  problems  M.  H.  Weasner 

J.  Kostakis 


(1)  handle  and  latch  design 

(2)  size,  weight,  handling  characteristics 

c.  Tripwire  Systems  P.  S.  Strauss 

G.  R,  DeTogni 

(1)  force  consideration 

(2)  detection  factors 

d.  Target  acquistion  under  flare  illumination  P.  S.  Strauss 

G.  R*  DeTogni 


(1)  candlepower  requirements 

(2)  camouflage  and  terrain  (actors 

(3)  personnel  acquisition  capability 


3.  Monitoring  ActwiUes 

.  A  small  amount  of  time  is  also  spent  in  monitoring  human  factors  activities  which 
are  or  could  become  relevant  to  Picatmny’s  research  and  development  mission.  Some  of 
these  projects  are: 


a.  Bionics  Research 

b.  Programmed  Instructional  1  evices 

c.  TV  Target  Acquisition 

d.  Material  Handling  Research 


P.  S.  Strauss 
M.  H.  Weasner 
P.  b.  Strauss 
J.  Kostakis 
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4.  Special  Projects 


The  Concepts  and  Applications  Laboratory  of  Picatinny  Arsenal  is  conducting  an 
operations  research  analysis  of  the  Army’s  Explosive  Ordnance  Disposal  (EOD)  opera¬ 
tions.  including  the  forecasting  of  1965- 1970  requirements.  Human  Factors  Specialists 
seive  the  study  team  as  follows. 


a.  P.  S.  Strauss 

b.  G.  R.  DeTcgni 
c  M.  H.  Weasner 
d.  J  Kostakis 


Study  Coordir.ator 
Organization  and  Mission  Analy ^s 
Training  and  Testing  Analysis 
Equipment  Requirements 


FRANKFORD  ARSENAL.  PHILADELPHIA.  PENNSYLVANIA 

Date 

Project  Branch  Started 

a.  Psychological  Warfare  J.  T.  O'Connor  June  1961 

Ammunition  Program  £.  J.  McGuigan 

This  project  involves  the  human  engineering  of  a  family  of  weapon  systems.  Secur¬ 
ity  considerations  preclude  the  discussion  of  the  program  except  in  general  terms.  The 
problems  involved  include  the  evaluation  of  weapon  and  ammunition  with  regard  to*  (1) 
Faciors,  (2)  Anthropometries.  (3)  Maintenance.  (4)  Safety,  and  f5)  Overall  weapon 

capability. 

b.  Tank  Tracking  A.  C.  Karr  Nov  1957  Continuous 

The  electronic  tank-tracking  system  is  used  in  conjunction  with  mock-ups  of  new 
anti-tank  weapon  systems  to  obtain  human  engineering  data  to  be  used  as  design  criteria. 
It  may  also  be  used  in  connection  with  tracking  problems  other  than  those  directly  con¬ 
nected  with  tanks.  Experiments  to  study  control  parameters  for  the  Heavy  Anti-tank  Wea¬ 
pon  System  •  XM-89  have  been  completed  using  this  equipment.  Other  studies  dealing  with 
general  control  design  problems  will  be  conducted  in  the  fuWre. 

c.  Fire  Control  Consultation  Staff  Sep  1959  Continuous 

Services 

Separate  funds  have  been  set  aside  by  the  Fire  Control  Division  for  human  engi¬ 
neering  consultation  services  that  wiU  not  require  more  than  2  man  weeks  of  effort.  Where 
more  effort  is  required,  a  separate  project  is  to  be  set  up  for  it.  These  funds  permit  pro¬ 
ject  engineers  to  request  the  Human  Factors  Engineering  Branch  to  look  into  their  projects 
and  determine  how  much  human  engineering  is  required,  outline  a  complete  program  to  be 
followed,  and  provide  assistance  in  obtaining  human  engineering  data  through  literature 
searenea  and  experimentation. 

d.  Main  Battle  Tank  A.  C.  Karr  Tune  I960  June  1963 

The  purpose  of  this  project  is  to  provide  human  engineering  services  for  the  fire 
control  of  the  Main  Battle  Tai^.  The  work  of  the  Human  Factors  Engineering  Branch  is 
concerned  primarily  with  monitoring  contractor  efforts  and  coordinating  the  work  of  the 
Hum«n  Engineering  Laboratories.  Frankford  Arsenal,  and  the  contractors.  Certain  prob- 
'ems  in  th«  use  of  television  will  also  be  investigated. 

e.  Electro-Visual  Equipment.  R.  F.  Kelly  June  1958  June  1962 

This  system  offers  the  possibility  of  night-time  operations  through  the  use  of  electro- 
visual  equipment.  Problems  requiring  human  engineering  attention  concern  surveillance, 
target  detection,  weapon  laying,  control-display  relationships,  communication  links,  and  so 
forth. 

At  a  later  stage  both  static  and  dynamic  field  tests  under  combat-like  conditions 
will  be  conducted. 


Estimated 

Completion 

Indefinite 
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WATERVLIST  ARSENAL,  WATERVLIET,  N.  Y. 

a.  iOSmm  Pivot  Chamber  Howitzer  Concept  and  Experimental  Design 

b.  155mm  Pivot  Chamber  Howitzer  Concept  for  XM62  Weapon  System 

c  Muzzle  Blast  Studies  on  lOSmxn  Howitzer  XM103,  155mm  Howitzer  T255  Series, 
and  155mm  Howitzer  T258  Series 

d,  81mm  Mortar  XM93  Concept 

e,  107mm  Mortar  XM95  Concept 

f ,  4  2  Mortar  T201,  Portability  and  Mount  Studies 

g,  4.2  Mort<ir  M30,  Portability  and  Target  Acquisition  Studies 

h,  British  81mm  Mortar  L.1A1  Comparison  with  American  Standard  M29 

1,  Blast  and  Noise  Studies,  Bore  Evacuation  Studies,  and  Control  Panel  Design  on 
152mm  Gun  Launcher  XM81  for  Shillelagh  Weapon  System 
j  .  Rapid  Fire  Weapon  Concept 
K.  Field  Evaluation  of  Vigilante  Weapon  System 

U.  S.  ARMY  MISSILE  COMMAND,  REDSTONE  ARSENAL.  ALABAMA 


Contractor 


a.  Advanced  Visual  Information  Display  (AVID)  McDonnell 

HEL 

A  human  factors  evaluation  of  the  AVID  technique  was  conducted.  Considerations 
investigated  with  regard  to  this  anti>aircraft  defense  system  display  study  were  effect 
of  display  hardware  on  decision  time  reduction,  effect  of  display  simolification  on  deci¬ 
sion  making,  comparison  of  alphanumeric  and  symbolic  displays,  integr<  'on  of  geographic 
information  on  operational  displays  and  its  effect  on  the  equipment  operacor.  Among  para- 
mete's  experimentally  investigated  were*  the  influence  of  the  number  of  tracks  displayed, 
duration  of  data  presentation.  I'^ormation  content,  and  the  effect  of  color  on  predicted 
situation  display.  This  effort  has  been  concluded  with  preparation  of  a  final  report. 

b.  DX-43,  DX-44  Simulators  Nord-Aviation 

A  brief  human  factors  evlauation  of  the  DX-43  and  DX-44  (wire  guided  missile)  simu¬ 
lators  was  conducted.  Critical  aspects  of  these  simulators,  assessed  in  classroom  and 
field  environments,  were  such  considerations  as  pertinence  of  task  practice,  miss  measure¬ 
ment  te<-hnique.,  utilization  in  job  environment,  ease  of  utilization,  economy  of  use,  equip¬ 
ment  layout,  and  operating  and  Instruction  procedures, 


Contractor 

c.  MAULER  Convair 

Amo  ^  completed  and  current  experimentation  efforts  designed  to  provide  operator- 
associated  information  for  the  design  of  the  MAULER  System  are:  video  displays  studies, 
assessment  of  vibration  effect  on  operator  functions,  habilitability  and  noise  evaluations, 
and  data  pick-off  device  studies.  Future  human  factors  studies  will  investigate  saturation 
level  of  the  operator,  seating,  on  vehicle  equipment,  console  proposed  for  fire  unit,  capa¬ 
bility  of  operator  to  handle  air  defense  problem  in  face  of  each  type  of  predicted  ECM, 
sector  control  capabilities  of  the  human  operator,  lighting,  and  operator  performance  under 
all  environmental  and  situation  variables  on  which  MAULER  operation  is  predicted.  Prepa- 
,-.ti''>-  vf  Task  and  Skill  Analysis  is  in  process. 

d.  MISSILE  B  lAOMC) 

A  brief  technical  and  management  plan  has  been  prepared  to  assure  the  inclusion 
of  human  factors  engineering  in  the  development  of  the  Ml^ILE  B  Weapon  System  from 
the  aarliest  point  in  the  program.  Overall  human  engineering  inclusion  requirements, 
identification  of  critical  areas,  and  delineation  of  features  already  planned  to  reduce  or 
eliminate  potential  operational  difficulties  experienced  in  previous  systems,  formed  the 
technical  human  engineering  overview.  Plans  for  coordination,  evaluation,  and  design 
assistance  activities  were  established;  human  engineering  design  criteria  were  selected. 
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Contractor 

e.  Multisystem  Test  Equipment  RCA 

Human  factors  engineering  analyses,  providing  data  for  human  engineering  applica* 
tion  during  equipment  design  phases,  v/ere  performed.  Such  design  application  data  as  opera¬ 
tion  environment,  performance,  system  profiles,  functions  analyses,  sequence  analyses, 
etc.,  were  provided.  Design  inputs,  based  on  these  analyses  and  on  system  human  engineer¬ 
ing  criteria,  have  been  integrated  into  preliminary  designs  of  workspaces,  panelware,  renair 
equipment,  procedures,  and  other  areas  where  the  human  operator  will  be  a  critical  factor 
in  the  efficiency  of  electronic,  hydraulic/pneumatic,  and  repair  unit  operation.  Human 
engineering  design  criteria  were  prepared  and  supplementary  criteria  were  selected  for 
MTE  human  factors  engineering  design  application. 

f.  NIKE  HERCULES  ATBM  BTL 

HEL 

Current  human  engmeenng  activities  include  panel  layout  studies,  control  and  in¬ 
dicator  evaluations,  and  assessment  of  human  engineering  aspects  involved  in  transition 
from  a  permanent  to  mobile  system  operation. 

g  NIKE  ZEUS  BTL 

DAC 

HEL 

Continuing  human  engineering  efforts  have  been  applied  by  the  contractor,  during 
R&D,  to  the  design  of  NIKE  ZEUS  equipment,  particularly  m  radar,  computer,  and  other 
groi.rd  equipment  areas.  The  current  reporting  period  has  seen  the  initiation  of  an  intense 
human  engineering  evaluation  performed  by  HEL  for  AOMC.  To  date,  the  following  areas 
have  been  exposed  to  human  engineering  assessment'  ZEUS  Defense  Center  including  acqui¬ 
sition  radar  transmitter  and  receiver,  and  power  plant;  computer  equipment  mcluding 
operation  and  maintenance;  ambient  environmental  i^uences  including  noise,  rotation, 
and  radiation,  development  of  special  weapon  and  adaption  kit;  and  system  consistency.  A 
human  engineering  evaluation  of  the  missile  itself  has  been  initiated.  Other  areas  to  be 
studied  from  the  human  engineering  standpoint  are  ground  guidance  equipment,  missile 
assembly  procedure,  missile  loading  and  launching  procedures.  A  human  engineering 
assessment  of  equipment,  its  operationanditsproceduralaspects  will  take  place  at  Kwajelein, 

h.  PERSHING  Martin-Orlando 

HEL 

Representative  PERSHING  Human  Engineering  studies  conducted  during  this  report¬ 
ing  period,  in  addition  to  major  human  factors  efforts  in  design  preparation  of  documenta¬ 
tion,  specification  reviews,  consultation,  etc.,  were  as  follows.  Evaluation  of  crane  loading 
techniques  and  operating  time,  evaluation  of  warhead  assembly  stand  and  container,  assess¬ 
ment  of  containers,  missile  air  vanes,  warhead  davit,  Erector-launcher  and  warhead  vehicles, 
and  Communications  Central  during  road  testing.  Erector- Launcher  crewman  transport¬ 
ability  studies,  evaluation  of  Power  Station  and  Power  Station  Equivalent  includmg  Air  Cycle 
Equipment  acoustical  tests  and  measurements  of  sound-attenuated  Power  Station  near  field 
noise,  FMTX  cable  storage  study;  physiological  and  psychological  measurements  during 
high- low  temperature  tests,  blackout  operations  study  (pilot  study),  studies  of  human  engineer- 
mg  aspects  of  three  azimuth  laying  systems;  Noise  measurements  of  Systems  Test  Station 
and  Components  Test  Station,  ground  networks  color  ct/ding  study,  evaluation  of  simplicity, 
compUie-»v&s,  procedural  logic,  handbook  and  skill  requirements  for  malfunction  isolation  in 
U.C  Programmer-Test  Station,  Systems  Test  Station  and  Components  Test  Station. 

1.  SERGEANT  Sperry- Utah 

HEL 

During  the  current  reporting  period,  the  SERGEANT  Weapon  System's  data  input 
provisions  were  experimentally  evaluated.  This  study  was  designed  ana  conducted  to  as¬ 
certain  the  degree  of  reliability,  in  terms  of  freedom  from  operator  error,  that  can  be 
expected  during  the  imtial  data  insertion  by  the  Firing  Set  operator.  Also  performed  was 
a  human  engineering  evaluation  of  SERGEANT  Weapon  System  operational  aspects  when 
subjected  to  extreme  temperatures  in  the  Eglin  AFB  Climatic  Laboratories. 
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Date  Estimated 

Branch  Started  Completion 

j .  SHILLELAGH  Missile  Subsystem  Aeronutronics 

HEL 

\  preliminary  study  on  gunner  training  and  tracking  ability  was  completed.  Assess¬ 
ment  of  possible  glare  and  retinal  effects  of  missile  tracking  flare  observation  was  per¬ 
formed.  Noise  measurements  were  taken  and  are  being  evaluated. 


k.  ADVANCED  PROJECTS  (AOMC) 

Human  Factors  Engineering  development  and  management  plans  have  been  prepared 
for  advanced  projects.  These  studies  outline  critical  human  engineering  areas  to  receive 
priority,  selection  of  design  criteria,  management  plan  for  coordination  and  design  assist¬ 
ance,  and  mclusion  of  positive  engineering  features  of  current  systems  into  proposed  sys¬ 
tems.  Other  activities  in  the  advanced  projects  area  (such  as  FABMDS)  consisted  of  pro¬ 
posal  and  feasibility  evaluations  from  the  human  engineering  standpoint.  Research  projects 
receiving  human  engineering  inputs  or  research  projects  pertaining  to  human  factors  research 
are  typified  by  Out-of-Line-of-Sight  studies  and  the  Effects  of  Stress  on  Performance  studies 
which  are  currently  being  initiated. 

U.  S.  ARMY  TANK-AUTOMOTIVE  CENTER,  DETROIT,  MICHIGAN 

a.  Human  Engineering  Studies  on  M60E1  Tank,  Responsible  Agencies.  Aberdeen  Proving 
Ground.  HEL  and  Chrysler  Mopar. 

b.  Human  Engineering,  Studies  on  the  XMS7I,  Articulated  Vehicle,  Cargo  Carrier. 
Responsible  Agencies:  Aberdeen  Proving  Ground,  HEL  and  Canadair  Limited. 

c.  Human  Engineering  Studies  on  AR/AAV.  Responsible  Agencies:  Aberdeen  Proving 
Ground,  HEL  and  COTP  (Cleveland). 

d.  Human  Engineering  support  for  XM561,  1-1/4  Ton  truck  series.  Responsible  Agency: 
Aberdeen  Proving  Ground.  HEL. 

ROCK  ISLAND  ARSENAL.  ROCK  ISLAND.  ILLINOIS 


a.  Human  engineering  of  Auxiliary  Propelled  ISSmm  Howitzer  Carriage,  XM123, 
Howitzer,  Light  Towed. 

b.  105mm  XM102  and  llSmm  Boosted  Rocket  Launcher,  XM70. 

ORDNANCE  WEAPONS  COMMAND,  ROCK  ISLAND.  ILLINOIS 

a.  L.'Witzcr,  105mm  Towed,  XM102 

b.  Launcher,  115mm,  XM70 

c.  Special  Purpose  Individual  Weapon  (SPIW) 

Studies  associated  with  the  above-listed  projects  have  been  made  by  m-house  personnel, 
contractors,  and  the  Human  Engineering  Laboratory.  The  Command  function  is  to  momtor 
and  coordinate  the  studies,  to  review  technical  reports,  and  to  assist  the  member  arsenals 
in  their  Human  Factors  Program. 


B.  BIBLIOGRAPHY  OF  PUBLICATIONS  SINCE  LAST  CONFERENCE  REPORT 

Flown,  G,  and  Dickinson,  N.  A  Human  Factors  Evaluation  of  the  Mam  Battle  Tank,  lOS-mm 
Gun,  M60E1.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering  Laboratories  Tech 
Memo  14-62.  May  62.  (Unclassified) 

Chaillet,  R.  F.  and  Steinberg,  A.  The  Human  as  a  Missile  System  Component,  Seventh 
Military-Industry  Missile  ai^  Space  Reliability  Symposium,  18-21  June  62.  (Unclassified) 

ChaxUet,  R.  F.  Utilization  of  the  Photographic  Method  for  Determining  Body  Dimension  of 
the  95th  Percentile  Arctic  Clothed  Soldier,  Army  Ordnance  Missile  Command,  Redstone 
Arsenal,  Ala.,  Tech  Note  2B1N,  7  Nov  61,  (Unclassified) 
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Corona,  B.  M.  Review  of  Human  Factors  Studies  of  M113  and  a  New  Concept  Armored  Squad 
Carrier.  Aberdeen  Proving  Ground,  Md,,  Human  Engineering  Laboratories  Tech  Note 
4-62.  Jure  62.  (Unclassified) 

Corona,  D.  M.  A  Prehnaitaiy  Rwvicw  uf  U.  C.  and  Foreign  Tank  Seat  Design.  Aberdeen 
Proving  Ground,  Md.,  Human  Engineering  Laboratories  Tech  Note  9-62.  (In  Press) 
^Unclassified) 

Dickinson,  N.  A.  A  Preliminary  Study  of  Tank  Commander’s  Seat  Assembly  for  M60E I 
Tank.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering  Laboratories  Tech  Note 
7-62.  (In  Press)  (Unclassified) 

Fried,  C.  and  Meadows,  J,  A.  Studies  on  the  Perceived  Threshold  for  Motion.  I.  Effects 
of  Aperture  Dir-ension  on  Threshold  Velocity.  April  62.  Aberdeen  Proving  Ground, 
Md.,  Human  Engineering  Laboratories  Tech  Memo  6-62.  (Unclassified) 

Fried,  C.,  Delaney,  J.  P.  and  Faccidomo,  W.  S.  Studies  on  the  Perceived  Threshold  for 
Motion  II.  Effects  of  Induced  Motion  on  Threshold  Velocity.  Aberdeen  Proving  Ground, 
Md.,  Human  Engineering  Laboratories  Tech  Memo  18-62.  August  1962.  (Unclassified) 

Glucksberg,  S.  and  Lince,  D.  L.  The  Influence  of  Military  Rank  of  Experimenter  on  the 
Conditiomrg  of  a  Verbal  Response.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering 
Laboratories  Tech  Memo  10-62  March  1962  (Unclassified) 

Gschwind,  R.  and  Horley,  C.  A  preliminary  Human  Engineering  Evaluation  of  Heavy  Mortar 
System  Performance.  Aberdeen  P^^^ing  Ground,  Md,,  Human  Engineering  Laboratories 
Tech  Memo  3-62  Jan  62.  (Unclass^  d) 

Gschwind,  R.  A  Preliminary  Report  on  Gunner  Tracking  Behavior.  Aberdeen  Proving 
Ground,  Md.,  Human  Engineering  Laboratories  Tech  Memo  6-62. 

Hedgcock,  R.  E.  A  Human  Engineering  Evaluation  of  a  KFZ-Werk  ECRUBEWERDAN  East 
German  Truck.  4x2,  H6.  Aberdeen  Proving  Ground ,  Md.,  Human  Engineering  Labora¬ 
tories  Tech  Note  8-62.  (In  Press)  (Unclassified) 

Hicks,  S.  A.  The  Effects  of  Twenty-Four  Hours  Confinement  in  Mobile  Armored  Personnel 
Carriers  on  Selected  Combat  Relevant  Skills:  Study  V.  Aberdeen  Provmij  Ground,  Md., 
Human  Engineering  Laboratories  Tech  Memo  23-61.  November  1961.  (Unclassified) 

Hicks,  S  A.  and  Randall,  R.  B.  The  Effects  of  Twenty-Four  Hours  Confinement  in  Mobile 
Armored  Personnel  Carriers  on  the  Performance  of  Selected  Combat  Relevant  Skills. 
A  Follow-Up.  Aberdeen  Proving  Ground,  Md.,  Human  Engmeering  Laboratories  Tech 
Memo  7-62.  June  1962  (Unclassified^ 

Jacobson,  B.  Human  Engineering  Evaluation  of  the  SERGEANT  Computer  Data  Insertion 
(U),  Aberdeen  Proving  Ground,  Md  ,  Human  Engineering  Laboratories  Tech  Note  6-6l, 
QMS  Code  5210, 12.123A.51(AOMC).  December  1961.  (Confidential) 

Karsh,  R. ,  Mudd,  S.  and  VonUffel,  W.  Design  of  a  Picture  Language  to  Identify  Vehicle 
Controls.  III.  A  Comparative  Evaluation  of  Selected  Picture  Symbol  Designs.  Aberdeen 
Proving  Ground,  Md  ,  Human  Engineering  Laboratories  Tech  Memo  15-62,  (Unclassified) 

Lewis,  J.  and  Maffia,  P.  The  Tank  User,  Aberdeen  Proving  Ground,  Md  ,  Human  Engineer¬ 
ing  Laboratories  Tech  Note  2-o2.  Feb  62.  (Unclassified) 

^  twis,  T.  A  Partial  Reviev/  of  the  Literature  on  Physiological  Disorders  Resulting  from  the 
Operation  of  Motor  Vehicles.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering  Labora¬ 
tories  Tech  Memo  17-62.  May  62.  (Unclassified) 

Martin,  P.,  Rcmba,  J.  and  Gates,  H  A  Method  for  the  Study  of  Hearing  Loss  and  Recovery 
m  Rhesus  Monkeys  Aberdeen  ProMng  Ground,  Md.,  Human  Engmeering  Laboratories 
T<ch  Memo  11-62  May  1962.  (Unclat  sified) 

McIntyre,  Frank,  HcdgcocK,  K,  E.  and  Lewis,  J.  Manual  of  Standard  Practice  for  Human 
Factors  in  Military  Land  Vehicles  Design  Aberdeen  Proving  Ground,  Md.,  Human 
Engineering  Laboratories  Tech  Memo  21-62.  (In  Press)  (Unclassified) 
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Collins,  W.  E.  and  Guedry,  F,  E.  Arousal  effects  and  nystagmus  during  prolonged  constant 
angular  acceleration.  Acta  oto-laryngol.,  1962,  bL  449-362.  (USAMRL  Report  No.  500). 
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McIntyre,  F.  and  Waugh,  J.  D.  Firing  Shock  Evaluation  in  Amoied  Reconnaissance  Airborne 
Assault  Vehicles,  XM55I  Aberdeen  ^rovi..g  Ground,  Md.,  Hun"  an  Engineering  Labora¬ 
tories  lech  Note  lC-62.  (In  Press)  (Unclassified) 

McIntyre,  F.,  Waugh,  J.  D,  and  Polefka,  D.  A  Technique  of  Investigating  Gunner  Ir.ducec 
Tracking  Error.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering  Laboratories 
Tech  Memo  20-62.  On  Press)  (Unclassified) 

McMurrcr,  J.  E.  ard  McCahan,  M.  E.  A  Human  Engineering  Evaluation  of  the  ML-  1  Mobile 
Low  Pouer  Nuclear  Power  Plant.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering 
Laboratories  Tech  Memo  8-62.  Mar  62.  (Unclassified) 

Moler,  C.  G.,  Goldslore,  G.  and  Oatman,  L.  C.  Helicopter  Armament  Program  A.r-to- 
Oroand  Target  Detection  and  Identification.  Aberdeen  Proving  Ground,  Md.,  Human 
Engineering  Laboratories  Tech  Memo  1-62  Jan  62  (Unclassified) 

Mudd,  S.  and  Karsh,  R.  Des.gn  of  a  Picture  Language  to  Identify  Vehicle  Controls,  L 
General  Method.  11.  investigation  of  Population  Siereotypes.  Aoerdeen  Proving  Ground, 
Md  ,  Human  Engineering  Laboratories  Tech  Memo  22-61.  Dec  6l.  (Unclassified) 

Norlander,  W,  D.  and  Torre,  J.  A  Loading  Kate  Evaluation  of  a  Pivot  Chamber  Breech 
and  an  XM102  Howitzer  Breech.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering 
Laboratories  Tech  Memo  9-62.  Mar  62.  (Oorifidential) 

Norlander,  W.  D.,  Hunt,  J.  and  Young,  R.  A  Human  Factors  Engineering  Evaluation  of  the 
M91  H5-mm  Multiple  Rocket  Launcher.  Aberdeen  Proving  Ground,  Md.,  Human  Engineer¬ 
ing  Laboratories  Tech  Memo  13-62.  May  62.  (Unclassified) 

Smith,  M.  G.  The  Effectiveness  of  the  V-5iR  Ear  Plug  as  an  Auditory  Protective  Device 
I.  Protection  Against  Kigh-lntensity  Impulse  Noise  (105mm  Howitzer).  Aberdeen  Proving 
G''our.d,  Md.,  Human  Engineering  Laboratories  Tech  Memo  18-61  (Unclassified) 

Smith,  M  G.  a.id  Goldstonc,  G.  A  Pilot  Study  of  Temporary  Threshold  Shifts  Resulting 
from  Exposure  to  High  Intensity  Impulse  Noise.  Aberdeen  Proving  Ground,  Md.,  Human 
Engineering  Laboratories  Tech  Memo  I9«6l,  Sep  61.  (Unclassif.ed) 

Snyder,  H.  L. ,  Oatman,  L.  C.  and  Wallach,  H.  D.  An  Investigation  Comparing  the  Relative 
Effects  of  Two  Modes  of  Gun  Turret  Operation  on  Tracking  Performance  -  Study  II. 
Aberdeen  Proving  Ground,  Md.,  Human  Engineering  Laboratories  Tech  Memo  5-62. 
Apr  62.  (Unclassified) 

Strauss,  P.  S.  and  DeTogm,  G.  R.  Personnel  Target  Acquisition  Under  Flare  Illumination, 
(Paper  presented  at  National  Research  Council  Committee  Search  Symposium.  17  Apr 
62,  San  Dicgo,  California).  Picatmny  Arsenal  Technical  Report  (In  Press).  (Unclassified) 

Strauss,  P.  S.  and  DeTogm,  C.  R.  Limb  Sensitivity  to  Wire  Barrier.  Perceptual  and  Motor 
Skill'.  (In  Press)  (Unclassified) 

Romb^,  J.  J.,Martin,P.  ThePropagationof  Air  Shock  Waves  on  Biophysical  Model.  .A-  1  en 

Proving  Ground,  Md.,  Human  Engineering  Laboratories  Tech  Memo  17-61.  Sep  61. 
(Unclassified) 

W'allach,  H.  C..  Klein,  H.  The  Effects  of  Increasing  Magnification  on  Monocular  Depth 
Perception.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering  Laboratories  Tech 
Nvle  1-62.  Jan  62.  (Unclassified) 

Vecasner,  M.  H.  An  Experimental  Investigation  of  the  Detectability  of  Anti-Tank  M.nes. 
Picatiiuiy  Arseniil  Technical  Report.  (In  Press)  (Unclassified) 

Weasner,  M.  H.  and  Mydosh,  J.  Human  Engineering  Evaluations  of  Plastic  Handles  for 
Ammunition  Boxes.  Pica*inny  Arsenal  Technical  Note  FRL-TN-lil,  May  1962,  (Un¬ 
it  classified) 

V/eiss,  R.  kL  A  Human  Factors  Engineering  Evaluation  of  the  PERSHING  Weapon  System: 
Communications  Pack  (AN/TRC-80).  Aberdeen  Proving  Ground,  Md  ,  Human  Engineer¬ 
ing  Laboratories  Tech  Memo  6-61,  QMS  Code  5210.12.12700.00  (AOMC).  (Unclassified) 
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Wokoun,  F.  W,  Subjective  Reports  £ro*n  Subjects  in  an  Aircraft  Detection  Study:  A  Ques¬ 
tionnaire  Analysis.  Aberdeen  Proving  Ground,  Md.,  Human  Engineering  Laboratories 
Tech  Memo  22-62.  (In  Press)  (Unclassified) 

Army  Ordnance  Missile  Command  Weapon  Systems  Human  Factors  Engineering  Design 
Crite''iai  Army  Ordnance  Missile  Command,  Redstone  Arsenal,  Ala.,  STD-434,  1  Oct 
61.  (Unclassified) 

Army  Ordnance  Missile  Command  Maintainability  Design  Factors,  Army  Ordnance  Missile 
Command,  Redstone  Arsenal,  Ala.,  1  Jun  6l.  (Unclassified) 

Sxtrface-to-Air  Weapons  Branch.  Systems  Research  Laboratory,  A  Human  Factor'  Engi¬ 
neering  Evaluation  of  the  NU^  ZEUS  Missile  System.  Aberdeen  Proving  Ground,  Md., 
Human  Engineering  Laboratories  Tech  Memo  19-62.  June  62.  (Unclassified! 

Published  Report.  Human  Factors  Considerations,  AR/aAV  System  XM5S1,  by  C.  B.  Lee, 
Conference  Minutes,  Phase  II  B,  Mock-up  Review,  Cleveland  Ordnance  Tank  Plant, 
14  Dec  6l,  pgs  49-S3  (Confidential). 

Published  Report.  Main  Battle  Tank  Components  and  Concept  Review,  20-21  March  1962, 
R&E  Directorate.  OTAC.  Sustainability,  Human  Engineering  Considerations,  C.  B. 
Lee,  pgs  1- 10. 


C.  BIOGRAPHICAL  DIRECTORY  OF  PROFESSIONAL  PERSONNEL 

AHEARN,  R.  E.,  Mechanical  Engineer  Assistant,  BSIE,  Youngstown  Univ.,  1962.  (APG) 

AYAZIDES.  G.j  Electrical  Engineer  Assistant,  BS£E,  Univ.  of  Connecticut,  1960.  (APG) 

BLACKMER,  R.  F.  ,  Electronics  Engineer  (Instrumentation),  BS,  Univ.  of  Massachusetts, 
1954.  (APG) 

BLESSIN,  F.  K.,  Mechanical  Engineer,  BSME,  Iowa  State,  1947.  (RlA) 

BLUMER,  J..  Physicist,  BS,  1958.  (RIA) 

BROWN,  G«  L.  ,  Capt,  Research  and  Development  Coordinator,  BA,  Mercer  Univ,  1956. 
(APG) 

CHAIKIN,  G.,  Coordinator,  (Human  Factors  Engr.,)*  BSME,  Purdue  Univ.,  1956.  (ABMA) 
CKAlLLET,  R,  F.,  Research  Psychologist,  BA,  Univ.  of  Miami,  1954.  (ARGMA) 

CHESNOV,  G.  F.,  Ofc.  for  Safety  t  Reliability,  OSWAC.  (PA) 

CORONA,  B.,  Engineering  I/esign  Technician  (Human  Factors),  DFA,  Philadelphia  Museum 
Collegate  of  Art.  I960.  (APG) 

CONSTANTINO,  D,  M.,  Supv,  Mechanical  Engineer.  (WA) 

COURTNEY,  R.  L.,  Chief,  Field  .Service  Branch,  Ord  Mission.  (WSMRj 

CRUSE,  C.,  Chief,  Engineering  Research  Laboratory,  Maryland  Institute  School  of  Mechan¬ 
ical  Arts.  (APG) 

iiEERiNG,  L.  E.,  Engineer  (Human  Factors),  BS,  Univ.  of  Maine,  1920.  (APG) 

DELANEY.  J.  P.,  Personnel  Psychologist  Specialist,  BA,  Northwestern  University,  I960. 
(APG) 

DeTOONI,  G.  R.,  General  Engineer  (Human  Factors),  BS,  1951,  (PA) 

DEWEY.  R.,  Mechanical  Engineer,  BS,  Umv.  of  Florida,  1959.  (APG) 

DONLEY,  R.,  Engineer  (Human  Factors),  ME,  Univ.  of  Cincirnati,  1954  (.\PG) 
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DYER.  £.  M..  Phy»*c»5t,  3S.  ChestnU  Hill  College,  1961.  (APG) 

ELLIS,  R.  !>.,  M6chamcal  Engineer  Assistant,  Associate  Engr  Degree,  Vdlpanso  Institute 
of  T  echn^.logy,  19^8  (APG) 

ERICKSON,  J.  R.,  Engineer  (Human  Factors),  DS,  Case  Institute  of  Technology,  1951.  (APG) 

FACCIDOMO,  V*  S.,  Personnel  Psychologist  Specialist,  BS,  Villanova  College,  l9ol.  (APG) 

FAIR,  P  A.,  Engineer  (Hnman  Factors),  Certificate,  Pratt  Institute,  1926.  APG) 

FELBINGER,  R.  J.,  Research  Psychologist  (Eng-nccring),  BA,  Allegheny  College,  i960, 
1L>,  Iowa  State  University,  1962.  (APG) 

FREYMANN,  E.,  General  Ordnahee  Dc'iign  Engineer.  (RIA) 

FRIED,  C.,  Research  Psychologist  (Physiological,  Experimenlal  and  Engineering),  MA, 
New  School  for  Social  Research,  1953.  (APG) 

Call,  a.  W.,  hechamc4i  Engineer  Assistant,  BSME,  Newark  College  of  Engineering, 
1961.  (APG) 

GALLUM,  L.,  Engineering  Technician  (Ordnance).  (FA) 

GARINTHER,  G.  R.,  Engineer  (Hur.tan  Factors),  DSEE,  Gannon  College,  1957.  (APG) 

GATES,  H.  vV.,  Personnel  Psychologist  Specialist,  BA,  oan  Jose  State,  I960.  (APG) 

CLUCKSBERG,  S.,  Capt,  Psychologist,  PhD,  New  York  Uraversity,  1960.  (APG) 

GRAHAM,  D.  I.  Jr..  Chief.  Human  Engineering  Branch,  CE,  Northwestern  Univ.,  1937. 
(AMC) 

GSCHWIND,  R.  T,,  Engineer  (Human  Factors),  BS,  Lehigh  University,  1956.  (APG) 

HEOGCOCK,  R.  E.,  Capt.  Research  and  Development  Coordinator,  BA,  Western  Maryland 
College,  1956  (APG) 

HEIDEL,  W.,  Carriage  Design  Engineer,  BSME.  Bradley  Univ,,  1951.  (RlA) 

HICKS,  S.  A..  Research  Psychologist  (Engineering),  BS,  Morgan  State  College,  1956.  (APG) 

HOOGKISS,  W.,  Project  Engineer,  Certificate,  Purdue  Univ,,  1960.  (APG) 

HOLLAND,  H,  H.,  Engineer  (Human  Factors),  BSME  h  BSaE,  Virginia  Polytechnic  Institute, 
1942  (APG) 

HORLEY,  G.  L.,  Engineering  Design  Technician  (HumanFactors),  BFA,  Philadelphia  Museum 
College  of  Art.  1956.  (APG) 

HOUFF,  C.  W,,  Lt  Col,  Deputy  Director.  Human  Engineering  Laboratories,  Univ.  of  Virginia, 
Univ.  of  Maryland  (APG) 

HUFF,  H,  L,  Jfcehancal  Engineer  Assistant,  BS,  Rutgers  University,  I960.  (APG) 

JACv.‘AiLN,  B,,  Research  Psychologist  (Physiological,  Experimental  and  Engineering), 
MS,  iowa  State,  1957.  (APG) 

JOHNSON,  W,  A.,  Ordnance  Design  Engineer.  (RiA) 

KAHL,  W.  3,,  Physical  Science  Assistant,  Ohio  University.  (APG) 

KARR,  A.  C.,  Supervisory  Psychologist,  MA,  Lehigh  University,  1953.  (FA) 

KARSH,  R.,  Research  Psychologist,  BA,  Brooklyn  College,  1957.  (APG) 


KATCHMAR,  L.  T.,  Chief,  Systems  Research  laboratory,  PhD.  University  of  Maryland, 
1954.  (APG) 

KEELE,  £.  <f..  Physical  Science  Assistant,  BA,  lov/a  State  Teachers  College,  1960.  (APG) 
KELLY,  R.  F.,  Engineer,  BS,  lUinois  State  Normal  Univ.,  1933.  (FA) 

KINC-,  D.  M.,  Mechanical  Engineer,  Georgia  Institute  of  Technology,  (APG) 

KOSTAKIS,  J.,  Psychologist  (Human  Engineering).  BA,  City  College  of  New  York,  1959.  (PA) 
KRAMER.  R.  R.,  Physicist  (General).  DA,  V/ilhams  College,  1956.  (APG) 

KREUCHER,  R,  N..  Automotive  Research  tt  Design  Engineer,  BSME,  Lawrence  Institute  of 
Technology.  1947.  (ATAC) 

KURTZ,  G,  L.,  Electronic  Engineer,  BSEE,  Pennsylvania  State  University,  1959.  (APG) 

LAUGHERY,  K.  R..  1st  Lt,  Research  and  Development  Coordinator,  PhD,  Carnegie  Tech  , 
1961.  (APG) 

LEA.  J.  II..  Mechanical  Engineer  Assistant,  BSIT,  San  Jose  State  College,  1961.  (APG) 

LEE.  C.  B.,  Human  Factors  Analyst,  PhD,  University  of  Michigan,  1952,  (ATAC) 

LEPORE,  D.  W,.  Mechanical  Engineer  Assistant,  BSME.  New  Bedford  Institute  of  Technology, 
(APG) 

LEWIS,  J.  W.,  Research  Psychologist  (Physiological,  Experimental  and  Engineering),  MA, 
George  Washington  University,  1958.  (APG) 

LINCE,  D.  L.,  Electrical  Engineer  Assistant.  BS.  Worcester  Polytechnic  Institute,  I960.  (APG) 

LIZZa,  a.  j..  Mechanical  Engineer.  MS,  University  of  Massachusetts.  1958  (5A) 

LORENZEN,  T.  G,,  JR.,  Mechanical  Engineer  (Ord  Wpns  Human  Engr),  BS,  Bradley  Um> 
versity,  1951.  (OWC) 

MARONE,  R.  J.,  Mechanical  Engineer  Assistant,  BSIE,  University  of  Olilahoma,  1961.  (APG) 

MARTIN,  P..  Research  Psychologist  (Engineering).  MA,  Loyola  University,  1958.  (APG) 

MARTIN,  W.  J,,  2d  Lt,  Research  and  Development  Coordinator,  BEE,  University  of  Detroit, 
1961.  (APG) 

MASTAGLIO,  G.  W,,  Electrical  Engineer  Assistant,  BEE,  Manhatten  College,  1958.  (aPG) 

McCaHAN,  M.  E.,  1st  Lt,  Research  and  Development  Coordinator,  BS,  USMA,  1959.  (APG) 

McCain,  C.  N.,  JR.,  R.P,£.,  Acting  Chief,  Supporting  Research  Laboratory,  BS,  University 
of  South  Carolina,  1950.  (APG) 

McGUIGAN  E.  J.,  Psychologist,  BA,  Temple  University,  1950,  (FA) 


McthTiRE,  ¥.  M..  Research  Psychologist  (Physiological.  Experimental  and  Engineering). 
MA,  Temple  U.iiversity,  1958.  (APG) 

McMURRER,  J.  E.,  Jr.,  Capt,  Research  and  Development  Coordinator,  MS,  Virginia  Poly¬ 
technic  Institute,  1952.  (APG) 

MOLER,  C.  O  .  Engmeer  (Human  Factors),  BSEE,  Davis  and  Elkins  College,  1950.  (APG) 
NEWCOMB,  F.,  Engineer  (Human  Factors),  University  of  Maryland.  (APG» 

NORDaN.  E.  L.,  Mechanical  Engineer  Assistant.  BS,  Norwich  University.  (APG) 
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OAKl,EY,  P.  D.,  Techmcal  As$*t  for  Human  Factors  Engineering.  (DOFL). 

OATMAN,  L.  C,,  Research  Psychologist  (Engineering).  MA,  University  of  Nebraska,  196'; 
BA,  Psychology,  1958  (APG) 

O’CONNOR,  J  T.,  Psychologist,  BS,  University  of  San  Francisco,  19bl.  (FA) 

PETUT,  G  D.,  Electrical  Engineer  (Instrumentation),  BSEE,  North  Carolina  A  &  T,  1949. 
(APG) 

PORTER,  V;.  J.,  Physical  Science  Assistant,  BS,  Duquesne  University,  1959.  (APG) 

POTTS.  E,  O.,  Mechanical  Engineer  Assistant,  BA,  Western  State  College  of  Colorado, 
i960.  (APG) 

Randall,  j.  I.,  Assistant  Chief.  Engineering  Research  Laboratory,  BS.  Johns  Hopl'ins  Uni¬ 
versity.  1958  (AFG) 

RANDALL,  R.  B.,  Personnel  Specialist.  BA,  Alma  College,  1959.  (APG) 

ROCHA,  J,  G.,  Mechanical  Engineer,  BS.  New  Bedford  Institute  of  Technology,  1952.  (SA) 

RCMBA,  J.  J.,  Research  Psychologist  (Physiological,  Experimental  and  Engineering),  MA, 
University  of  South  Dakota,  1955.  (APG) 

ROSCOE,  A,  J.  Ill,  Physical  Sciences  Assistant,  BS,  Carnegie  Institute  of  Technology,  1960. 
(AFG) 

SAUL,  E.  V..  Consultant  (Human  Engineering),  PhD,  1951.  (PA) 

SOV/\,  B.  L.,  JR.,  Engineer  (Human  Factors).  BS,  Worcester  Polytechnic  Institute,  1955. 
(APG) 

SPELLMAN,  E.  A.,  Engineer  (Human  Factors).  BSME.  Indiana  Technical  College,  1953, 
(APG) 

STEPHENS.  J.  A,,  Assistant  Chief,  Systems  Research  Laboratory,  BBS,  Rhode  Island  School 
of  Design,  195).  (APG) 

STRAUSS,  P,  S.,  Supervisory  Psychologist,  MA,  1957.  (PA) 

TAYLOR,  R.  K,,  Mechanical  Engineer  Assistant,  BS,  Geneva  College,  1959.  (APG) 

TORRE,  J.  P.,  JR.,  Research  Psychologist  (Physiological,  Experimental  and  Engineering!, 
BA,  Adelphi  College.  1954.  (APG) 

UPTON,  M.,  Consultant,  PhD,  Harvard  University,  1928.  (APG) 

WAUGH,  J.  D.,  Mechanical  Engineer  Assistant,  BSME.  University  of  Buffalo,  1960.  (APG) 
V\EaSNER,  M.  H.,  Psychologist,  MA,  1957.  (PA) 

WEISZ.  J.  D.,  Director,  Human  Engineering  Laboratories,  PhD,  Univ  of  Nebraska,  1953. 
(APG) 

WHl't'hKER,  E.  A.,  Biological  Sciences  Assistant,  BS,  Cornell  University,  1959.  (^\PG) 

'^OKOUN,  F.  W.,  Research  Psychologist  (Physiological,  Experimental  and  Engineering), 
PhD,  University  of  Nebraska.  1959.  (APG) 

WOOD,  P,  F.,  JR.,  Engineer  (Human  Factors),  BSME,  West  Virginia  University,  1950.  (APG) 

WOOD«iARD,  A.  A.,  JR.,  Physiologist  (Human  Factors  Engineering),  PhD,  University  of 
Peinsylvania,  i947.  (APG) 
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5.  U.  S.  ARMY  MEuICAL  SERVICE 

U.  S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND,  OFFICE  OF  THE 
SURGEON  GENERAL,  WASHINGTON  25,  D.  C. 

A,  CURRENT  WORK  PROGRAM 


1.  Mxhtary  Psychophysiologtcal  Studies 
(Project  No.  6X95-25-001) 

Task  01  -  Vision  and  Perception  m  Relation  to  Performance 


Date 

EstiniOted 

Task 

Experimentcr(s) 

Started 

Completion 

a.  Studies  of  Stereoscopic 
Vision 

Eugene  R.  Wist 

George  S.  Harker 

U.  s.  amrl 

Ft.  Knox.  Kentucky 

March  36 

Continuing 

A  combination  optical-electronic  device  has  been 

constructed 

for  generating  the 

Pulfrich  effect  stereoscopicaliy.  This  apparatus  makes  possible  direct  control  of  the  inten¬ 
sity  of  light  in  each  eye  as  well  as  the  contrast  ratio  of  illumination  of  the  pendulum  bob 
to  its  background. 

Three  pilot  studies  have  been  performed  with  this  apparatus  in  order  to  refine  it 
and  to  determine  the  range  of  absolute  light  intensities  and  contrast  ratios  significant  in 
the  production  of  the  Pulfrich  effect.  Two  further  preliminary  investigations  have  been 
performed  to  investigate  the  effect  of  interocular  absolute  intensity  differences,  contrast 
r..tio  differences,  and  simult^eous  contrast  on  the  Pulfrich  effect.  Results  suggest  that 
absolute  intensity  differences  are  more  important  than  contract  differences.  However, 
the  results  also  suggest  that  the  effect  can  be  induced  by  simultaneous  contrast  differences 
between  the  eyes.  A  subsequent  study  concerned  the  effect  of  interocular  sensitivity  differ¬ 
ences  on  the  Pulfr»eh  effect. 

Instrumentation  has  been  completed  for  the  purpose  of  investigating  the  classic 
assumption  that  only  impulses  arriving  simultaneously  at  the  cortex  from  the  two  eyes 
fuse  to  produce  stereopsis.  Essentially,  this  appartus  involves  the  coupling  of  a  Roush 
flash  generator  with  a  stereoptometer.  It  is  new  possible  to  delay  the  arrival  at  the  cortex 
of  impulses  from  a  glow  modular  tube  from  ont  eye  with  respect  to  the  other  by  from  1  to 
300  (plus)  milliseconds.  Preliminary  data  suggest  th-»t  simulUneously  arriving  impulses 
at  the  cortex  may  not  be  a  necessary  condition  for  stereopsis  The  apparabjs  is  so  designed 
that  in  addition  to  mterocular  delays,  the  effect  on  stereopsis  of  pulse  intensity,  duration 
and  repetition  rate  can  be  investigated. 

A  study  on  the  effect  of  base  magn-fication  on  perceived  absolute  sise  and  distance; 
a  study  on  the  interaction  of  voluntary  and  rotational  nystagmus,  as  well  as  a  bibliography 
on  voluntary  i.ystagmus  have  been  completed. 

b.  Studies  in  Perceived  George  S.  Harker  1  Jan  59  Continuing 

Radial  Slope  U.  S.  AMRL 

Ft,  Knox,  Kentucky 

Cyclorotation  measures  in  response  to  a  single-line  stimulus  have  been  studied  by 
four  techniques  of  measurement  to  permit  comparison  of  the  methods  of  measurement. 
Sophisticated  and  naive  observers  were  used  to  permit,  in  addition,  an  evaluation  of  the 
experience  variable. 

c.  Perceptual  and  Physio-  W,  Cohen  June  1957  February  62 

logical  Aspects  of  ’Jm-  Univ.  of  Buffalo 

form  Visual  Stimulation 

A  study  of  electyoencephalographic  patterns  unjer  conditions  of  uniform  stimulation 
of  the  entire  visual  field  has  bean  completed.  The  laboratory  condition  of  ''homogeneous 
ganifeld”  simulated  the  meteorological  state  of  *'white-out,"  I^^ring  prolonged  stimulation, 
a  temporary  stoppage  of  visual  experience  occurred  and  alpha  waves  returned.  The  task 
was  conducted  under  Contract  No.  DA-49-007-MO-866,  The  Final  Report  has  not  yet  been 
received. 
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T<isk  02  -  Andition  ar.d  3ounu  Relation  to  Performance 


a.  Effects  of  Noise  on  Per¬ 
formance  and  Hearing 


Experimenter(s) 


John  L.  Fletcher 
Michel  JUoeb 
U.  S.  AMRL 
Ft.  Knox,  Kentucky 


Estimated 

Completion 


An  investigation  of  the  reliability  of  temporary  threshold  shift  and  contralateral 
threshold  shift  induced  by  loud  monaural  stimulation  was  completed  The  reliabilities  for 
contralateral  threshold  shifts  obtained  ranged  from  verylowto  moderate,  and  tne  reliabilities 
for  temporary  threshold  shifts  ranged  from  moderate  tc  moderately  hic^h.  Magnitudes  were 
such  as  to  explain  the  lack  of  significant  relationship  between  different  indices  of  acoustic 
reflex  action  (e.g.,  reduction  in  each  type  of  shift)  previous^  observed,  tn  another  investiga¬ 
tion  performed  jointly  with  the  U.S.N.  Air  Materiel  Center  Air  Crew  Equipment  Laboratory, 
there  was  an  attempt  to  determine  relationships  between  psychophysical  and  manometric 
measures  of  acoustic  reflex  action.  The  expected  relationships  were  not  found,  though 
some  unexpected  relationships  seemed  to  be  present  in  the  data. 

Data  have  been  reviewed  which  suggest  that  the  method  of  temporary  threshold  shift 
reduction  may  be  superior  to  the  free  field  threshold  shift  method  for  the  evaluation  of  ear 
protective  devices. 


b.  Effect  of  Overstimulation 
and  Internal  Factors  on 
the  Function  of  the  Inner 
Ear 


M.  Lawrence 
Univ.  of  Michigan 


The  cochleas  of  guinea  pigs  were  injected  with  a  high  potassium,  low.sodium  solu¬ 
tion  to  produce  greatly  increased  intraco>  ilear  pressure.  The  cochlear  AC  potentials 
were  recorded  simultaneously  and  found  to  decrease  according  to  the  pressure  applied. 
Four  layers  of  the  basilarmembraneandtwoof  Reissner's  membrane  were  examined  electro- 
microscopically.  They  appeared  to  serve  as  a  selectively  diffusing  membrane  m  support  of  a 
radial  direction  for  the  major  path  of  endolvmph  flow. 

Studies  of  th*  inner  ear  response  to  increasingly  higher  tones  showed  that  even  in 
the  absence  of  the  middle  ear,  the  inner  ear  produces  a  *'clamp’' in  the  AC  response  of 
the  cochlea.  The  appearance  of  this  response  on  a  cathode  ray  oscilloscope  is  identical 
to  that  produced  by  the  middle  ear  muscles.  The  effect  is  related  to  the  overlording  proc¬ 
ess  of  the  inner  ear  in  response  to  high  level  sounds.  These  studies  are  being  conducted 
under  Contract  No.  DA-49-007-MD-fe34. 


Measurement  of  Noises 
of  U.  S.  Army  Weapons 


K.  D.  Kryter 
Bolt  Beranek  and 
Newman,  Inc. 
Cambridge,  Mass. 


Instrumentation  has  been  completed  to  simulate  the  impulse  noises  of  certain  U.  S. 
Army  we  .pons.  Subjects  were  exposed  to  pulses  at  a  repetition  rate  of  1,  5,  10,  20,  40, 
and  SO  per  second  for  durations  varying  from  S  to  80  seconds.  Rise  time  of  the  pulseC 
was  O.S  millisecond;  duration  I  millisecond,  with  a  peak  sound  pressure  level  of  168  db 
re  0.0002  mtcrobar  The  temporary  threshold  shifts  obtained  were  highly  variable  from 
one  subject  to  another  (5  S's);  the  maximum  loss  was  around  5000  cps;  the  most  severe 
losses  were  caused  by  pulse  repetition  rates  of  1  pulse  per  second  and  the  least  at  S  and 
10  p»';ics  per  Second,  the  longer  the  exposure,  the  greater  was  the  temporarv  threshold 
shift.  Tins  study  is  being  conducted  under  Contract  No.  DA-49'007-MD-9R5. 


Neural  Mechamsms  for 
Responses  of  Middle 
Ear  Muscles 


W.  D.  Neff 
Bolt  Beranek  and 
Newman,  Inc. 
Cambridge,  Mass, 


This  study  was  initiated  only  recently.  No  reports  are  yet  available.  The  study  is 
being  conducted  under  Contract  No.  DA-49- 193-MD- 2250.  The  information  to  tie  gathered 
will  serve  in  making  differential  diagnoses  in  hearing  diserdars;  in  surgical  prdeedures  of 
the  rar  and  in  the  utilisation  of  the  **aeoustic  reflex"  for  protection  of  hearing. 


Task  03  of  Control  and  Coordination  in  Performance 


Date  Estimated 

Task  gxperimewter(s)  Started  Completion 

a.  Studies  in  Biomeehaoics  L<ee-S.  Caldwell  Joly  56  Contisamg 

and  Fatigue  V  S.  AMRI' 

Ft,  i&iox,  Kcctuc%' 

Work  on  the  effects  of  body  stabilisation  on  the  strength  ot  in<tnual  contxol  forces 
has  shown  that  the  shoulder  stabilisation-  afforded  by  the  b-«eS:7est  may  Ve  'y^the  strength 
of  arm  extension  by  as  m'Kh  as  S0%,  aiw-lnat  the  footrest  pdfstioa  may  vary  the  strength} 
of  arm  flexion  is  mceh  »»  25%.  Work  is  continuing  on  the  sSiscy  of  the  load-eiidu-ince 
rjlu.tionship  with  special  emphasis  upon  the  rclaOnship  bet%i>ees  3body  measurements  and 
both  .trength  and  endurance.  A  preliminary  analysis  of  the  reveals  that  sirenglfi 
and  endurance  are  unrelated  whex  the  loat.  is  prcporttonal  to  the  soc^ects*  strength.  Alsoi 
the  .'oad-endurance  relationship  it  apparently  unc^nged  by  varsa^on  in  the  mechanical 
advantage  of  the  anatomical  lever  systems.  Static  and  dynamic  wosieSasks  with  high  mCAI- 
urement  reliability  have  been  developed  for  the  study  of  factors  inGaasssessz  physic^  fMlgUe 
and  recovery.  These  techni<}ues  have  been  use-i  rtudie>  on  the  e&eets  ci  ^larmacdfogfcai 
agents  on  human  performance  and  fatigue. 

c.  Studies  in  Driving>-SkiU  Marvin  J.  Herbe.*t  Continuing: 

Fatigue  U.  S.  AMRL 

Ft.  Knox,  Keatccky- 

A  battery  of  vehicle  driving  pet/orn*\nce  .assures  ha.5^  been  desl^sed- and  eraXsated. 
Test-retest  reliability  of  selected  measures  obtained  from  the  mne-gsats^in  thelhattery 
range  from  .47  to  .78.  Estimates  of  validity  were  made  oy  cosTelatis^'*'post,tasi^  test 
results  with  hoarc  of  fatigue  driving  prior  to  the  test;  P ^rson  pr0doct>'mooest  corrd^tldns 
from  .18  to  .38  were  obtdli.cd.  Test  pcr<orm2irces  5^4  subjects  frorotSree  studies  are 
being  «inalyzed  by  the  centroid  method  to  identify  basic  skill  factors,  ^one  of  the  &ree 
studies,  scores  from  a  number  of  psychomotor  tests,  a  small  driving  stesfator,  and  two 
personality  inventories  were  included  as  reference  tests  to  aid  iniaeSfir  idesstification. 
Preliminary  tabic*  wf  rotatio.i  indicate  the  prcsenc^  of  two  motor  and  two  pessfeptoal  factor*) 
a  strength  factor  and  a  personality  factor. 

c.  Certain  Physiological  R.  B,  Malmo  June  S5 

Correlates  of  Psyebo*  McUil?  University 

motor'Funttiomng 

Three  investigations  were  conducted.  In  the  first,  divided  set  in  a  tracScing 'task 
produced  a  highly  significant  increase  in  tracking  error  scores,  but  this  difference  in 
performance  was  not  acccmprxled  by  any  reliable  changes  in  the  ^^stolog>cai  rueacufes. 
That  this  absence  of  differences  in  tneph^siologicalmeasure*  was  not  doe  to  their  insensitiv¬ 
ity  was  demonstrated  by  five  other  compansonr  with  the  same  subjects  (e.g..  single  eersos 
double  tracking  with  muscular  exertion  controlled)  in  which  highly  significant  differences 
were  obtained  between  ^ysiologxcal  measures.  From  these  results  it  appears  reascnable 
to  conclpoe  that  purely  cognit*vc  Actors  of  so  ^nd  attention  were  evidently  capable  of  im- 
p4lf)  ig  perforrrynce,  independently  of  activation  (or  arousal). 

Li  a  second  investigation  cognitive  Actors  were  further  explored  employing  spaced 
audiU/ry  serial  addition  task.  Effects  orer  'anger  (minutes)  and  briefer  (seconds)  temporail 
intervale  were  studied.  While  t^e  main  a.aty'ir  of  the  longer  internals  showed  that  the 
EEC  «nd  autonomic  changes  were  highly  concordant  when  level  of  activation  was  tiotted, 

was  «  ruggestion  of  EEC  change  ^.crompanying  reminiscence  tnat  was  not  reflected 
in  ths  autonomic  measures.  The  main  finding  for  the  short-term  study  of  EEC  alpha  asd 
beta  i.i  init  experiment  wns  that  boA  showed  few  effects  attributable  to  wbat  might  be  called 
the  X.  -^r  ^o,tnitive  aspects  of  performance  (e.g.,  thoae  aspe^its  of  performance  reflected  in 
»h%.  error  aralysis).  but  snowed  great  sensitivity  to  motor  asperts  of  performance  (e.g., 
.noto;  •e^poas'  and  preparatior  for  motor  response).  It  seems  likely  t^t  this  finding  las 
impnttaiK  iinpl  catioeis  for  the  **pst','b<Aogical  refractory  period*  m  motor  response,  and 
folluw''ip  .tudies  are  being  planned  to  poysoe  this  problem  further. 

I'  a  thi.d  investigation,  with  brain  stimulation  as  unconditioned  stimulus  an  in- 
IriLcrahialiy  elicited  rutonomic  response  was  conditioned  to  an  exteroceptive  stimulus. 
Heart  taic  sloiiing  produced  by  stimulatloa  in  "rewarding**  areas  of  the  brain  was  cm- 
ditioneJ  to  a  tone  in  a  group  of  20  ratv.  T>ese  studies  are  being  conducted  under  Contract 
No.  DA-49-(’07«MD.626. 
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d.  Ketertion  o£  Tracking  A  W.  Mdton  January  59  September  62 

Skills  Univ.  o£  Michigan  j 

No  recent  progress  report  is  available.  This  study  is  expected  to  terminate  in  the 
fall  of  1962,  after  which  a  Tinal  Report  will  be  available.  The  study  has  been  conducted 
under  Contract  No.  DA-49-007-MD-1020. 

Task  04  -  Motion  and  Balance  in  Relation  to  Performance 

Date  ^timated 

Task  Experimenterfsl  Started  Completion 

a.  Studies  on  EffecU  of  Air  J-  GiUenwatcr  rebruarT62  March  62 

Transport  on  Performance  A.  Jewett 

U.  S.  AMRL 
Ft  Knox,  Kentucky 

To  evaluate  the  effects  of  a  prolonged  flight  on  the  performance  ot.asrborxie-fe»e^, 
a  medical  s^udy  team  consisting  of  a  niedlcal  officer,  a  psychologist,  ana  three  existed 
mbr.  evaluated  the  condition  of  the  troop’s  prior  ib  departure,  while  ec-reoSe'and  after- 
arrival  at  dcitination.  Each  soldier  was  given  a  tag  on  which  hourly  entraatwere-iecorded. 

1*1  summary,  there  was  no  problem  with  airslcjcness  since  the.iS»ght  was-^lative^  saiorth;. 
the  airborne  troops  were  somewhat  fatigued  midway  of  the  flight,  but  .after  a  good-iiq;iif^« 
sleep,  tfier  excellent  physical  and  mental  condition;  the  soldier’s  reported  that 

mcali  during  flight  could  have  been  Ifnproved,  the  toilet  facilities  atthe -refueling  stops 
were  considered  inadequate  at  several  places;  although  most  of  the  complained  of 

boredom  due  to  instlttlcil:r.J  dhlivih??  'be  stops,  on  arrival  they  were  onasiered  by  their 
officers  and  NCO's  to  have  been  immediately  ready  for  combat  had  the  situation  demanded. 

Task  05  -  Special  Sensory  Functiohs  in  Relation  to  Performance- 

Sate  Estimated 

Task  Experimenterfs)  Started  Completion 

a.  Studies  of  Thermal  Ex-  W  W.  Dawson  January  62  CoeSarasng 

f«r)erce  i).  S,  AKIRL 

Ft.  Knb'x,  Kentucky 

To  investigate  the  teipperature  sensing  capacl|y  of  lie  trigetnital  nerve  endings 
in  the  hum4.*)  cornea  and  certain  facial  areas,  stimulation  ugaipment  for  radiacr  war.niag 
of  the  cornea  is  being  ^nd  tested.  The  pilot  study  which  will  descrlbe-threafe- 

olds  for  radiant  cdrneai  damage  is  well  underway.  Early  data  indicate  the  “p^manenl 
damage”  «hfbslt®ld  at  an  energy  between  250  and  300  calorics  total  input  per 

square  centimeter.  The  use  of  lasers  for  controlled  radiant  warming  has  beea^cocsidered. 
Presently  available  unit*  are  eitlicr  deficient  in  output  energy  or  too  er»tic &r' ccotroUcd 
use  Preliminary  data  indicate  that  the  threshold  fot  ^‘pernunent  damage"  of  fbe  cat  cornea 
is  considerably  higb'er  than  ahllclpated  from  the  availufilc  literature. 

fa  fjbiifalp^fpl^tes  of  D,  ft.  Kenshalo  December  55  Augu«:6l 

Tnermai  ^nsations 

The  thern}4|  Ifarpshold  rapIS?  »  function  of  sVimfen^eratore,  ae*  of  Se- subject 
and  time  of  day  o[  the  measurement,  but  apparentiy  i.^  aor^s^«cted  «y «d»jertage,'«H^ 
temperature,  or  clianges  in  the  merslrual  cycle.  It  Is  suggested  that  cidaneos*  seaaa-' 
tions  arc  mediated  in  the  following  manner.  Fibers  ending  in'the  skin  aare^eneraiEy  sensi¬ 
tive  to  r,»ovement,  either  in  reiaiton  to  their  surroundlngtissueor nponShemseis^s.  This 
•  ctuunfs  adequately  for  tactile  sensitivity.  Other  fibers,  aSso  sensiQue-t©  xfWWKsiesflit, 
terminate  among  smooth  muscle  of  the  cutaneous  vascular  syftem,  Smooth-raasgle-a^ 
as  a  thermo- mechanical  transducer,  cfiangirig  thermal  energy^  mechanical  mreyjnr.jff, 

Fibers  ending  m  the  cutaneous  vascular  system  respond,  throughr&ermally induced sioee- 
ment  of  the  muscle  elements,  to  temperature  changes.  Tests  oftlt»c»easitiviry'0-f'frceserve 
endings  of  the  cornea  of  ihe  eye  show  that  they  can  be  stimiUated  directly  .by  change*  in 
therm,  1  pnergy,  but  arp  not  of  sufficient  j^|ifUivity  to  accouflttfor-therrBaLseasitiviqrart 
other  regions  of  the  body,  i»r  docs  such  pprncal  thermal  stimulation  *ives3*e?to  thermal 
sensation.  The  study  ^s  conducted  under  ppnifact  No.  DA-49-007-i(t&-4i*3.  ;Sc-riiial  Re¬ 
port  has  been  received  and  is  available  from  .^^TIA.  (ASTIA  No,  Al5--267^909y 
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Task  06  -  Integration  of  Complex  Functions  in  Performance 


Date 

Estimated 

Task 

Experimenter(s) 

Started 

Completion 

a.  Studies  in  l-earniAg 

I.  Behar 

J.  N.  Cronholm 

T.  C.  Cadwallader 

U.  S.  AMRt 

Ft.  Knox,  Kentucky 

.Wgust  57 

Cominuxng 

It  has  been  demonstrated  that  the  formation  of  learning  sets  in  sooty  man  -'beys 
(Cerocebua  fuliginosj8>  progresses  at  the  same  rate  as  for  rhesus  monkeys  and  displays 
similar  characteristics.  An  analysis  of  the  differential  effects  of  reward  ard  nonreward 
on  the  acquisition  of  the  discrimination  learning  set  indicated  that  the  approach  response 
to  the  positive  cues  is  learned  as  a  monotonic  function  of  practice,  while  this  is  not  true 
for  the  avoidance  response  to  the  negative  cues.  Studies  of  form  perception,  one  with 
rhesus  and  the  other  with  mangabey  monkeys,  are  in  process  of  analysis.  Basically,  an 
attempt  was  made  to  determine  the  physical  stimulus  characteristics  that  influence  pattern 
discriminability.  The  design  and  construction  of  apparatus  has  been  undertaken  for  a 
comparative  study  of  visual  acuity. 

la  another  study,  our  electronic  gate  has  been  developed  which  permits  the  precise 
tims^  -dl  the  duration  of  electric  shock  received  by  an  animal,  making  possible  an  objcc> 
live  and  accurate  differentiation  between  an  avoidance  response  and  an  escape  response. 
A  recently  completed  experiment  showed  that  resistance  to  extinction  of  a  conditioned 
avoidance  response  is  greatly  increased  by  extending  the  maximum  duration  of  the  con- 
^tiened  stimulus  in  extinction.  Preliminary  analysis  oi  another  avoidance  conditioning 
experiment  indicates  that  the  usual  conception  of  the  distribution  of  practice,  i.e.,  that 
spaced  practice  facilitates  learning  more  than  does  massed  practice,  may  not  apply  in  a 
ro^sumably  anxiety-arousing  situation.  Work  is  continuing  to  perfect  a  suitable  method 
fbr  evaluating  the  effects  of  neural  damage  on  emotional  behavior. 

b.  Context  Effects  m  Psycho-  W.  E.  Kappauf  July  5?  September  60 

physical  Judgments  Univ.  of  Illinois 

This  study  showed  the  biases  occurring  in  making  judgments  which  are  attributable 
to  the  context  m  which  the  judgment  is  made.  There  are  wide  individual  dtifere.iees  in 
the  magnitude  of  the  effect,  in  the  rate  at  r/hich  it  develops  and  in  the  nature  of  its  decay 
Smction.  The  study  was  conducted  under  Contract  No.  DA-49-007-MD-877.  The  Final 
jbeport  has  not  yet  been  received. 

c.  Extreme  Environment  and  A.  J.  Riopelle  February  60  June  62 

Complex  Performance  Terkes  Laboratories 

Orange  Park,  Fla. 

This  study  was  to  have  determined  the  nature  and  degree  of  auditory  impairment 
following  acoustic  insult  and  other  stresses  on  the  animal.  Tests  for  discrimination  and 
other  complex  performance  testa  were  devised  but  the  contract  study  was  terminated  prior 
to  the  animals  bei:^  placed  In  an  extreme  noise  environment.  A  Final  Report  has  been 
received  and  is  available  from  ASHA.  The  study  was  conducted  under  Contract  No.  Da- 
49-193- MD.2095. 


2  Hrsic  Research  in  Psychologiad-  and  Social  Sciences  (Project  No.  6X99-28-001) 

Date  Estimated 

Task  Fi^-^y£menter(s)  Started  Completion 

a.  Psychophysiology  of  2L-3.  14ndsley  May  56  August  63 

Vision 

Stadies  have  continued  -m  Ihr  perceptual  blanking  phenomenon  to  determine  the 
temporal  aspects  of  visual  precaptioeu.  This  study  is  being  conducted  under  Contract  Ns. 
DA-49-007-MD-722. 
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September  60  August  62 


b.  Spectral  Sersitivities  for  J.  Ktau^Kopf 

Small  Retmal  Areas  Rutgers  Univ. 

Studies  utibzing  the  stabilized  image  technique  have  yielded  resulti*  bearing  on 
the  nature  of  the  fuitdamental  color  response  systems  of  the  human  retina.  Color  exper¬ 
iences  for  tiny  spots  of  monochromatic  light  are  not  necessarily  the  same  as  the  stimulus. 
Thib  IS  explicable  only  in  terms  of  imperfect  instrumentation  fo"  producing  stable  images  or 
in  terms  of  the  size  of  the  receptor  area  being  stimulated  in  ihe  retina.  Measurement 
of  retinal  images  has  been  made  with  a  photoelectric  ophthalmo8C«.pe  to  provide  informa¬ 
tion  on  the  fidelity  of  the  image  forming  mechanism.  This  study  has  oeen  conducted  under 
Contr<*ct  No.  DA-49- 193- MD-2128.  A  Final  Report  will  be  available  in  the  fall  o'  1962. 


c.  Traumatic  Origins  of  Per-  I.  Behar  January  6l  Continuing 

manent  Hearing  Loss  bL  Loeb 

J.  N.  Cronholm 
.V.  Jewett 
U.  S.  AMRL 
Ft.  Knox,  Kentucky 

To  assess  the  relation  of  temporary  to  permanert  he::.ring  loss  as  a  function  of  the 
characteristics  of  the  noise  stimulus  -  (Continuous  lyr-e  or  impulse-type),  a  study  has  been 
initiated  to  evaluate  the  effects  of  duration,  intensity,  and  mode  of  exposure  on  audiometric 
performance  of  rhesus  monkeys.  Pre-exposure  aud  ograms  have  been  obtained  in  cne  sub¬ 
ject  using  a  modification  of  the  Blough-Bekesy  tecnniqje  for  self-determined  thresholds. 
Two  additional  subjects  are  undergoing  training. 


d.  Vestibular  Function  in  G.  H.  Crampton  July  56  Continuing 

Man  and  Animals  U.  $.  AMRL 

Ft.  Knox,  Kentucky 

A  major  project,  employing  60  cats,  evaluated  the  importance  of  vision  in  the  nystagmus 
nabituation  process.  It  was  found  that,  although  vision  is  a  prominent  determiner  of  <ye 
movement  during  rotation,  that  repeated  rotary  trials  with  vision  has  no  effect  whatsoever 
on  the  nystagmic  reflex  if  later  tested  in  darkness.  Work  is  continuing  on  the  effects  of 
linear  acceleration  on  the  nystagmic  response  of  man.  Data  collected  so  far  indicate  that 
with  tilts  of  the  gravitational  resultant  up  to  16*,  no  change  can  be  detected  in  the  ocular 
nystagmus  as  compared  to  nystagmus  recorded  in  the  absence  of  linear  acceleration.  A  new 
study  1$  designed  to  determine  if  habituation  to  one  level  of  acceleration  is  effect.ve  in  re¬ 
ducing  the  nystagmic  response  to  accelera>.ions  of  higher  and  lower  magnitudes.  Dev«lopmanC 
18  continuing  on  a  method  for  implanting  micro-electrodes  in  the  vestibular  p,angUon  of  the 
cat.  All  of  the  current  studies  are  oriented  toward  elucidating  man’s  accustomxzation  to  un¬ 
usual  acceleration  environments. 

One  new  rotary  device  was  installed  during  this  last  ''ear  and  has  been  in  stead/ 
operation  A  second  device  is  scheduled  for  delivery  snd  in‘‘l..Uation  during  the  fall  of 
1962. 

e.  Audition  ano  Auditory  M.  Loeb  August  54  Continuing 

Perception  J.  L,  Fletcher 

U.  S.  AMRL 

Ft.  Knox,  Kentucky 

a' wo  studies  of  factors  influencing  the  intensive  difference  limen  were  completed, 
lit  one  It  w?s  found  that  when  ’Moubtful”  judgments  are  precluded  but  "equal”  ones  are 
not,  limens  for  modulation  are  somewhat  smaller  thai.  those  for  discrepancies  between 
signals,  and  hmens  are  smaller  for  greater  intensities  and  (generally)  more  comparison 
cycles.  On  a  second  experiment  (performed  jointly  with  personnel  at  the  University  of 
Louisville)  .t  was  found  that  the  superiority  of  detection  for  modulation  signals  is  enhanced 
under  vigilance  conditions  and  that  the  effective  limen  tends  to  increase  with  time  on  task. 

A  seminar  on  middle  ear  function  was  held  at  the  laboratory  on  6-7  Mav  1962.  Among 
the  participants  were.  Dr.  Charles  Blevins,  Dr.  R.  Fleer,  Capt.  John  L.  Fletcher,  Dr.  Odell 
W.  Henson,  Dr.  Ira  J,  Hirsh,  Dr.  Merle  Lawrence,  Dr.  Michel  Loeb,  Mr.  Emanuel  Mendelson, 
Dr.  J.  R.  Mundie,  Dr.  W.  D.  Neff,  Dr.  Scott  N.  Reger,  Dr.  F.  Blair  Simmons,  Dr.  W.  Dixon 
Ward,  Dr.  Howard  Weiss,  Dr.  Jozef  2wislocki. 
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f.  Studies  in  Psychopharma-  W.  O.  Evp'^s  July  6l  Continuing 

colos)  G.  H,  Crampton 

U.  S.  aUrl 

Ft.  Knox,  Kentucky 

The  effects  of  psychotropic  fdrugs  on  human  attention  and  temporal  experience  have 
been  studied  Techniques,  using  anttft^ls,  have  Jifien  developed  for  the  screp.njng  and  be- 
havicral  analysis  of  analgesic  and  psychotropic  drugs  and  reported  in  USAMRL  Reports 
N...  476,  494.  480.  The  synergistic  potetjt|3tion  of  dplile  an^ala*«'iaS  bf  "Alpha” 

adrenergic  stimulants  and  "teta''  adrenergic  blockers'  has  been  studied  iha  Jnfi? 
military  utility  reviewed.  Continuing  studies  pf  d'^f-^P^^^^tnlne  oR  vpstibujar  fiincf|on 
have  shown  that  in  clinical  doses,  the  drug  ^3f  only  a  small  ehhanceihent  effect  {al 
by  nvstagmus)  in  man. 

g.  Effects  of  Noise  on  Man  K-  D.  kryter  February  62  landdry 

Bolt  Berahel;  Shd 

Newifiah^  In^i 

This  IS  to  be  a  revie-  of  all  tbs  sclenlKlc  Ijtfrajure  of  the  Mlj  fOb'ffni 

mg  the  effects  of  noise  on  man.  The  study  was  JttUWUd No  reports 
available.  The  study  is  being  conducted  under  Contract  No.  pA-49» 

h.  Communication  by  Elec-  Emerson  Foulke  November  6l  October  6} 

trical  Stimulation  of  Univ.  of  Louisville 

the  Skin 

Studies  at  U.  S.  AMRL,  Fort  Knox.  Kentucky  had  alrSSdy  demonstrated  ({js  MtW: 
tial  use  of  a  one  way  communication  system  by  means  of  the  skin  acting  as  a 
electrical  stimuli.  Research  is  now  on-going  to  determine  the  most  |ifdcpcal  paranie|prs. 
T'*e  study  is  being  conducted  under  Grant  No.  62-G49. 

i.  PsychologicaUrJluences  R.  Russell  September  59  Augbll  (il 

on  Gastro-intestinal  Indiana  Univ. 

Activity 

This  study  is  concerned  with  a  systematic  search  for  psychological  ^nd 
cologtcal  factors  which  may  control  gastro-intestinal  movements.  The  clecttg|)[|T|j0- 
logical  characteristics  of  gastro-intestinal  motility  are  being  studied  as  are  those  enyjlfg^- 
mental  conditions,  bodily  states  or  drugs  which  generate  changes  in  gastro-intesunal 
activity  This  study  is  being  conducted  under  Contract  No.  0A-49- 193-MD-2063 

j .  Localization  of  Sound  L  Hirsh  January  60  December  60 

in  Depth  J.  L.  Fletcher 

Central  Institute  for 
the  Deaf 
St.  Louis,  Mo. 

The  intensity  of  sound  is  an  important  factor  in  the  judgment  of  distance  from  the 
source,  but  under  conditions  where  sound  intensity  cannot  be  used  as  a  cue,  sufficient 
cues  other  than  intensity  provide  relatively  reliable  localization  judgments.  The  sfudy 
was  conducted  under  Contract  No.  DA-49- 193-MD-2088.  A  Final  Report  is  available  from 
ASTIA  (ASTIA  No.  AD-252-818) 

k.  Effects  of  Practice  on  R.  Bixler  August  59  July  6 1 

Sensory  Discrimination  M.  Loeb 

Univ.  of  Louisville 

To  refine  the  precision  of  audiometric  tests,  this  cxperxnacat  was  designed  to  ex¬ 
plore  the  nature  of  the  practice  effect  for  low  sound  frequencies  where  individuals  nught 
be  learning  to  distmguish  between  a  low  frequency  signal  and  a  low  fcequency  broad-baud 
background  of  "physiological  noise"  in  the  eat.  When  a  50  db  whstc-nnise  was  introduced 
to  mask  the  physiological  noise,  the  practice  effect  produciUeat  I2S  cps  and  1000  cp« 
was  absent.  When  a  narrow-band  high  frequency  noise  13000-3200  cps)  was  introduced, 
a  learning  effect  for  the  3000  cps  thresr.old  was  not  induced.  This  study  was  conducted 
under  Contract  No.  DA-49- 193-MD-2041.  A  Final  Report  is  available^from  ASTIA, 
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1  Perceptual  Evaluation  of 
Sensory  Information 


J.  R.  Binford 
Umv.  of  Loui&vxlle 


September  6l  August  6i 


Vigilance  is  being  studied  by  collecting  data  on  the  effect  of  rise  tirre  and  discrimi¬ 
nation  difficulty  of  auditory  stimuli  on  detectability.  Vigilance  will  also  be  related  to  the 
changing  probabilities  of  target  occurrence  Other  studies,  supporting  research  at  the  U.  S. 
AMRL,  Fort  Knox,  Kentucky  include  experiments  comparing  auditory  and  cutaneous  reaction 
time,  and  the  relationship  between  forces  exerted  and  their  durations  by  a  seated  man  with 
arm  held  at  various  distances  and  angles. 

m  Irradiation  and  Visual  W.  W.  Dawson  January  62  Continuing 

Function  U.  S.  AMRL 

Ft.  Knox,  Kentucky 

Research  has  been  initiated  to  provide  a  basis  for  greater  understanding  of  normal 
photochemical  events  in  the  eye  to  yield  methods  for  aecreasing  the  onset  time  ol  scotopic 
vision  and  enhancement  of  its  maximum  sensitivity,  and  to  enable  the  recommendation  of 
bfqjpc^ive  measures  for  the  reduction  of  visual  deteriorat  on  and  “noise*’  when  high  back- 
efbund  radiation  levels  are  present.  All  major  apparatus  for  the  biochemical  and  *lec- 
Uophysiological  phases  of  the  icsearch  has  been  secured.  Installation  and  repair  of  existing 
x-ray  equipment  has  been  completed.  Radiological  sur  .^y  of  the  installation  indicates 
that  x-ray  scatter  into  the  external  work  area  is  less  tha.»  0.1  mr/hr.,  withm  the  specified 
safety  limits  of  the  Atomic  Energy  Commission.  Successful  extraction  of  photopigment 
|ri|^t{opsin)  has  been  made  from  the  retinas  of  frogs.  Stockpiling  of  this  extract  is  under¬ 
way  in  anticipation  of  bioassay  for  sulihydril  activity  during  irradiation.  The  device  for 
titration  has  been  completed  and  functions  accurately  in  titrations  of  glutathione,  a  known 
sulfhydril  bearing  compound.  Final  construction  of  the  visual  stimulator  required  for  the 
electrophysiological  studies  is  underway.  Titr-ition  of  rhodopsin  sulfhydril  groups  during 
illumination  has  been  accomplished  following  the  techniques  of  Wald  and  mdicates  that 
the  biochemical  procedure  is  adequate  for  the  research. 

B.  BIBLIOGRAPHY  OF  PUBLICATIONS  SINCE  LAST  CONFERENCE  REPORT 

Debar,  Isaac.  Evaluation  of  the  significance  of  positive  and  negative  cue  indiscrimination 
learning.  USAMRL  Report  No,  487,  Ft  Knox,  Kentucky,  1961, 

Behar,  Isaac.  Evaluation  of  cues  in  learning  set  formation  m  mangabeys.  USAMRL  Report 
No  534,  Ft.  Knox.  Kentucky,  1962. 

Behar,  Isaac,  Analysis  of  obiect«atternation  learning  in  rhesus  monkeys,  J.  Comp.  Physiol. 
Psychol,.  1961.  5^.  539-542.  (USAMRL  Report  No.  441) 

Behar,  Isaac.  Learned  avoidance  of  nonreward.  Psychol.  Reports,  1961,^  43-52.  (USAMRL 
Report  No  469). 

Bernstein,  Irwin  S.  Response  to  nesting  materials  of  wild  born  and  captive  born  chimoansees. 
Animal  Behav.,  10,  1-2,  January-Aprii  1962,  1-6. 

Binford,  John  R,  Perceptual  evaluation  of  -^n^ory  information.  First  Annual  Progress 
Report,  1  September  1961  to  28  February  1962,  University  of  Louisville,  Contract  No'. 
I5A^4^.“l93-MD-2m,. 

Cadwallader,  T.  C.  and  Harker,  G.  S.  The  differentiation  of  an  avoidance  response  from 
an  escape  response  A  note  and  circuit  USAMRL  Report  No.  546,  Fort  Knox,  Kentuck>, 
1962. 

Caldwell,  L.  S.  and  Evans,  W.  O.  The  effect  of  an  analgesic  agent  on  muscular  work  de¬ 
crement,  USAMRL  Report  No  538,  Ft.  Knox,  Kentucky,  1962. 

Caldwell,  L.  S.  Body  stabilization  and  the  strength  of  arm  extension.  Human  Factors. 
1962,  4,(3),  19-24.  (USAMRL  Report  No,  378), 

Carter,  Norman,  Ball,  Jay,  and  Kryter,  Karl  D.  Studies  of  temporary  threshold  shift 
caused  by  high  intensity  acoustic  transients.  Report  No.  916,  Bolt  Beranek  and  Newman, 
Inc.  Cambridge,  Mass.  Progress  Report,  January  1962,  Contract  No.  DA-49-007- 
MD-985.  - - 


CoUins,  W.  £.  and  Guedry^,  P.  £,  Arousal  effects  and  nystagmus  during  prolonged  constant 
angular  acceleration.  Acta  oto-laryngol.,  1962,^^  d49-362.  (USAMRL  Report  No.  500). 

Collins,  W.  E  ,  Guidry,  F.  E,,  and  Posner,  J.  B,  Control  of  caloric  nystagmus  by  manipu¬ 
lating  arousal  and  visual  fixation  distance.  Ann.  Otol.  Rhinol.  Laryngoi.,  1962.  71. 
187-203.  (USAMRL.  Report  No.  485).  -  “ 

Collins,  W.  £.  and  Poe,  R.  H.  Amphetamine,  arousal,  and  human  vestibular  nystagmus. 
^jSAMRL  Report  No  526,  Ft.  Knox,  Kentucky,  1961. 

Crampton,  G.  H.  Directional  imbalance  of  vestibular  nystagmus  in  cat  following  repeated 
unidirectional  angular  acceleration.  USAMRL  Report  No.  529.  Ft.  Knox,  Kentucky.  1962. 

Evans,  W.  O.  A  comparison  on  analgetic  potency  of  some  opiates  as  measured  by  the 
“flinch- lumo*’  procedure.  Psvchooharmacoloeia.  1962.  3.  51-54.  (USAMRL  Report 
No.  494).  -  - 

Evans,  W.  O.  and  Jewett,  A.  The  effect  of  some  centrally  acting  drugs  on  disjunctive 
reaction  time  USAMRL  Report  No.  510,  Ft.  Knox,  Kentucky,  1961. 

Evans,  W.  O.  The  potentiation  of  opiate  induced  analgesia  by  stimulant  drugs.  I.  The 
effect  of  monoamine  oxidase  inhibitors  and  caffeine  USAMRL  Report  No.  519,  Ft. 
Knox,  Kentucky,  1961. 

Evans.  W.  O.  A  titration  schedule  on  a  treadmill.  USAMRL  Report  No.  525,  Ft.  Knox, 
Kentucky,  1961. 
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6.  U.  3.  ARMY  QUARTERMASTER  FOOD  AND  CONTAINER  INSTITUTE  FOR  THE  ARMED 
FORCES,  CHICAGO,  ILL. 


A,  CURRENT  WORK  PROQRAM 


“^’^ture.and  Control  of  Attitude  Toward  and  Preference  for  QMC  Materiel 


Experimenter 


Estimated 

Completion 


a.  Tncre'^sing  preference?  J.  Eindhoven 
by  exploiting  non* 
functional  cl»aracteristics 


Investigation  of  the  effects  on  soldiers'  attitudes  and  preference  of  information 
printed  on  packaging,  estima*ioc  of  sold/ors’  bias  agamst  foods  bearing  Arm/  labels  as  eom- 
pared  to  those  with  commercial  labels,  rxanipulation  of  .nformation  variables  to  improve  food 
preferences. 


b.  Analysis  of  mastication  &,  Drake  Sep  1961  Sep  1962 

sounds  (Visiting 

Scientist) 

Tcchniquer  are  bemg  developed  for  recroding  and  analy.:mg  chewing  sounds  for 
various  foodstuff  and  for  reUti^  these  data  to  other  obiectfve  and  sensory  characteristic*  of 
fo’Vj. 


c.  Attitude  cliange  through  P.  Zimbardo 
cognitive  i.ressures  (Grant) 


Attitude  change  theories  are  being  deveUned  andtestedfor  effectiveness  jn  military 
situations.  Variables  to  be  considered  include  (a)  the  timing  of  presentation  of  indoctrination 
programs,  and  (b)  types  anddegrees  of  positive  and  regative  pressures  exerted  upon  the  target 
population. 


d.  .'Application  of  pro* 
grammed  instruction 
theory  and  techniques 
to  attitude  change 


Methods  of  programmed  instrucCivn  are  Veing  tested  and  revised  for  the  purpose  of 
improvmg  the  attitwie  of  soldiers  to  new  r?-tions  and  ration  components.  These  methods  a*e 
alto  being  compared  to  more  conventional  techniques. 


e.  Sensory  evaluation  for  D.  Peryam 
quality  control  of 
products 


Development  of  methods  of  measurement  and  estabhshinent  of  standards  ot  palata- 
bility  ?Tkd  flavor  for  procurement  of  foods;  growing  emphasis  is  upon  newly  devtilopeo  ard 
unusual  foods. 


/.  Complex  taste 
interactions 


A  systematic  investigation  is  underway  of  the  effects  of  combinations  of  t'vo  tast< 
st\inulj  upon  the  perceived  intensity  of  e  third;  all  four  primary  tasto  qualities  are  being 
stu'bed  in  a  aeries  of  four  experiments. 


g.  National  surveys  cf 
soldiers'  food  prefer¬ 
ences 


A  survey  is  being  plaimed  to  obtain  soldiers’  perferenres  for  food.,  recently  in. 
troduced  into  the  Master  Meiua  and  to  determine  snifts  in  preferences  for  certain  foods  ovef 
the  past  seven  years. 
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h.  Effect  of  miU*'ary  UaJer  *96?  Sop  1964 

operation;  xa  »he  contract 

tropics  on  rwlolors* 

Attitudes  towiro  QM 
materiel 

Investigation  '.i  the  effect  of  interaction  between  soldiers’ attitudes  and  e^mronmental 

f<.ctor8  in  tropical  situations  upor  thj  acceptability  of  foods,  clothing,  and  items  cf  personal 

-qu'pment. 

1.  Structure  a  id  cwitert  J.  Kartien  Sep  1<»62  Sep  196’ 

of  mas(  co*timunic«,t*on 

Investigate  thi  organization  and  the  nature  of  the  content  of  scripts  intended  to 

change  attitude?  tov(r*,kd  QM  mJlericL 
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Ar..er.‘can  P?yc^loj»cal  Association. 

KaMFN.  JOSEPM  M.,  Dn.,  Acting  Chief,  Research  and  Evaluation  Section;  Food  Acc>Wance 
Jranch;  P>,0.  ltk.,«ers'ty  of  SUlnois,  1955;  Psychophysics  of  taste  and  <'dcr,  ir  wT^ony, 
attitude  chAiyo,  p«  udu^  ac*,t^tance.  Member,  American  Psychological  \S(ioeiati*>n»  Sigma 
Xi,  Psych\>nom>c  AxnuTscan  Marketing  Association. 
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McCO'*,  JOHN  L.,  Research  Psychologist,  Food  Acceptance  Branch:  M,A.;  University  ct 
Chicago,  1942,  '’Jornmivuvatious,  small  group  dynamics,  attitude  measurement:  llemhec, 
American  Sociorogic<il  Association,  American  Academy  of  Political  and  Social  Science. 

*^£RyAM,  DAVID  R,  Dr.,  Chief,  Food  Acc^ptance  Branch,  Ph.D„  Illinois  Insti^te  of 
Technology,  1961,  Sensory  test  methods  for  foods,  taste  perception,  attitudes  and  pref- 
-jrences,  Member,  American  Psychological  Association,  Institute  of  Food  Technologists, 
American  Marketing  Association. 
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7.  U.S.  ARMY  QUARTERMASTER  RESEARCH  AND  ENGINEERING  COMMAND,  NATICK, 
MASS. 


^  CURRENT  WORK  PROGRAM 

1.  Human  Engineering  and  CompaUb^hty  of  QMC  Item* 


Estimated 

Completion 


a.  Human  engineering  J.  McGinnis  Jan  1959  Continuing 

compatibility  studies  o£ 

QMC  developmental 
items  and  equipment  of 
other  Technical  Services 

Identification  and  analysis  ol  incompatibilitier  involving  the  use  cf  QMC  items  in 
man-machine  systems  are  being  applied  for  further  refinement  of  precision  and  efficiency. 

b.  Preparation  of  J.  Kobrick  Aug  I960  Continuing 

handbook  of  human 

engineering  informa¬ 
tion  for  guidance  of 
QMC  engmeers  and 
designers 

Relevant  human  engineering  guidance  information  pertinent  to  QMC  problems  is 
periodically  published  to  assist  QMC  designers  and  those  of  the  other  Technical  Services. 

c.  Human  factors  guid-  &.  Crist  Jan  1959  Continuing 

ance,  consultation  and 

research  in  support  of 
materials  handling 
equipment  development 

Human  factors  guidance  in  the  design  and  development  of  rough  terrain  forklift 
vehicles  is  provided  as  required.  Emphasis  has  recently  been  placed  on  the  prototype 
Sandpiper  and  Portageur  vehicles. 

d.  Investigation  of  Sen-  R.  Dusek  Jan  1962  Continuing 

sorimotor  responses  J,  Lockhart 

critical  to  performance  £.  Youngling 

of  military  tasks  and  the 

effects  of  environment 

and  QMC  items  on  such 

responses 

Research  is  conouctea  in  sensorimoior  vt  general  to  |«Avblc**.s  s£ 

design  of  QMC  item*.  Particular  emphasis  is  placed  at  present  on  environmental  effects 
upon  basic  response  complexes  previously  isolated  by  factor  analysis  techniques, 

e.  Evaluations,  assistance  J,  Kobrick  Jul  1960  Continuing 

and  guidance  in  support  J.  McGinms 

of  new  QMC  clothing  R,  White 

and  equipment  develop¬ 
ment  programs 

Evaluations,  assistance  and  guidance  in  support  of  item  development  are  furnished 
as  requested. 

f.  Research  on  headgear  B.  Crist  Jul  1959  Continuing 

system  variables  re¬ 
lated  to  verbal  com¬ 
munication,  attenuation 

of  hazardous  noise,  com¬ 
fort  and  crash  protection 

Kumun  engineering  research  is  conducted  to  obtain  guidance  information  for  im¬ 
provement  of  protective  headgear,  particularly  for  combat  vehicle  crewmen  and  aviators. 
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Estimated 

Completion 


g.  Study  of  personal  J.  Tambe  Jan  1962  Jul  i96& 

clcthmg  and  equipment 

requirements  of  the 
equippsi'  combat  soldisr 
performing  specific  types 
of  duties 

Human  engineering  studies  are  conducted  to  determine  the  effectiveness  of  QMC 
items  in  use  in  the  fitld  and  the  effect  of  such  equipment  on  the  effectiveness.  Emphasis  is 
placed  at  present  on  the  effects  ol  tropic  condition^  upon  soldier  effectiveness,  as  contr  vted 
to  similar  effects  produced  by  temperate  \.onditions. 

h.  Analysis  of  human  J.  Senna  Jan  1962  Continuing 

factors  problems  K.  Guthrie 

associated  witn  newly 
developed  equipment 
and  tactics 

Research  is  conducted  on  new  techniques  and  devices  to  provide  increased  effective¬ 
ness  to  existing  procedures  and  tactics,  such  as  the  current  program  to  provide  armor  pro¬ 
tection  to  Army  operators  of  light  aircraft. 

i  Human  engineering  J.  Kobrick  Jul  1962  Jul  19b4 

study  of  aerial  equip-  R.  White 

ment  delivery  systems 

Human  engineering  guidance  and  supporting  research  is  provided  to  development 
p^wgrams  for  aerial  delivery  equipment,  especially  for  personnel  delivery.  Present  attention 
IS  directed  toward  design  and  development  of  personnel  delivery  peds  and  safety  devices  for 
parachutists. 

2.  Anthropometry 

a.  Collection  and  R.  White  Jan  1958  Continuing 

analysis  of  anthropometric 

da'.a  concerning  the 
functional  characteristics 
of  military  populations 

Range  of  body  sise,  range  of  movement,  spatial  dimensions  «nd  other  functional 
characteristics  of  military  populations  are  being  determined  to  provide  anthropometric 
criteria  and  guidance  for  the  design  ai^ development  of  military  clothing  and  other  equipment. 

b.  Anth-opometric  design  R.  White  Jul  1948  Continuing 

and  sizing  guidance 

Design  guidance  and  human  engmeermg  considerations  are  furnished  as  requested 
in  support  of  development  programs  for  military  clothing  and  equipment.  Tariffs  are  de¬ 
veloped  for  the  procurement  of  new  or  modified  items. 

c.  Anthropometry  of  R.  While  Jul  1962  Continuing 

friendly  populations 

There  is  an  increasing  requirement  for  anthropometric  data  on  the  populations  of 

i.rie;idly  countries  to  udiom  we  may  suj^ly  military  aid.  Data  have  been  collected  from  several 
NATO  countries  and  are  being  analyzed.  Similar  data  are  being  collected  for  other  populations. 

B.  BIBLIOGRAPHY  OF  PUBLICATIONS  SINCE  LAST  CONVERENCE  REPORT 


Cohen,  A.  The  effect  of  insulating  the  palm  and  back  of  hands  on  finger  cooling.  Technical 
Report  EP-153,  U.S.  Army,  UMRliE  Command,  Natick,  Mass.,  Jun.  1961, 
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Crist,  D.  A  device'  for  measuring  the  size  and  shape  of  the  available  visual  field  durii^g  the 
wearing  of  Army  headgear.  Technical  Report  EP-152,  U.S.  Army,  QMR&E  Command, 
Natick,  Mass.,  Jun.  19*'t. 

Kobnch,  J.L.  CompatibfUty  of  personal  equipment  with  workspace.  E.M.  Bennett  (Ed.), 
Human  Factors  m  Technology,  McGraw-HiU,  New  York,  N.Y.,  available  Oct.  1962. 

McOinnts,  J.M.  Human  factors  evaluation  of  the  lightweight  mobile  printing  set.  Research 
Study  Report  EPR-2,  U.S.  Army,  QMR&E  Command,  Natick,  Mass.,  Apr.  1962. 

McGinnis,  J.M.  and  Zimmerer,  T.  Human  factors  study  of  QMC  clothing  and  equipment 
during  cold  weather  tests  of  the  PERSHING  missile  system.  Research  Study  Report 
EPR-  1,  U.  S.  Army,  OMR&E  Command,  Natick,  Mass.,  Apr.  1962. 

McGinnis,  J.M.  and  Zimmerer,  T.  Huxnan&ctors  studyof  QMC  clothing  and  equipment  during 
cold  weather  tests  of  the  SERGEANT  missile  system,  U.  Research  Study'Report  EPR-2, 
U.S.  Army,  QMR&E  Command,  Natick,  Mass.,  Jun.  1962. 

Senna,  J.F.  A  preliminary  study  of  the  effects  of  target  masking,  aircraft  speed  and  aircraft 
altitude  on  the  performance  of  an  aerial  observer,  (in  publication). 


C.  BIOGRAPHICAL  DIRECTORY  OF  PROFESSION.Al^  PERSONNEL 

BASILIO,  KENNETH  C.,  Research  Psychologist,  M.A.,  Boston  University,  1959,  Physiological 
and  sensory  psychology. 

BURSE,  RICHARD  L.;  Biologist;  B.S.,  Massachusetts  Institute  of  Technology,  1958,  AMT, 
Harvard  University,  1962,  Physiological  psychology,  biophysics;  Member,  NationalScience 
Teachers  Association,  Society  of  American  Military  Engineers. 

CRIST,  BRIAN,  Engineering  Psychologist,  M.A.,  Boston  University,  1957;  Engineering 
psychology,  apparatus  design.  Member,  American  Psychological  Association,  NewEngland 
Psychological  Association,  American  Association  for  the  Advancement  of  Science, 
Acoustical  Societyof  America,  ArmedForces-NRC  Committee  on  Hearing  and  Bioacoustics. 

DUSEK,  E.  H.ALPH,  Dr.;  Head,  Engineering  Psychology  Laboratory,  Ph.D.,  State  University  of 
Iowa,  1951;  Human  engineering,  psychomotor  performance,  experimental  design,  Member, 
American  Psychological  Association,  Psychonomic  Society,  American  Association  for  the 
Advancement  of  Science,  Sigma  Xi,  Army  Human  Factors  Engmeeriug  Committee,  New 
England  Psychological  Association,  Eastern  Psychological  Association,  Midwestern 
Psychological  Association,  Armed  Forces-NRC  Committee  on  Hearing  and  Bioacoustics, 
Armed  Forces-NRC  Committee  on  Vision. 

PICKS,  FILMORE  L.,  Captain,  QMC,  Research  Psychologist:  M.S..  Pennsylvania  State 
University,  1952.  Human  engineering,  equipment  design.  Member,  American  Psychological 
Association. 

GODWIN,  WILLIAM  C.,  Captain,  QMC;  Mathematician;  M.S.,  Georgia  Institute  of  Technology, 
19b2;  Experimental  design,  mathematics. 

GUTHRIE,  KENNETH  E.,  2/Lt.,  QMC;  Mathematician;  B.A,,  New  Mexico  State  University, 
I960;  Statistics,  human  engineering. 

KOBRICK,  JOHN  L.,  Or..  Project  Leader;  Ph.D.,  Pennsylvania  State  University,  1953,  Engi¬ 
neering  psychology,  experifnental  design  sensorimotor  performance;  Member,  American 
Psychological  Association,  Eastern  Psychological  Association,  Sigma  Xx,  Armed  Forces- 
NRC  Committee  on  Vision. 

LOCKHART,  JOHN  M.,  Research  Psychologist;  M.S.,  University  of  Wisconsin,  1961;  Learning, 
physiological  and  sensory  psychology,  statistics;  Member,  Psi  Chi. 

McGlNNIS,  JOHN  M..  Dr.;  Project  Leader;  Ph.D..  Yale  University.  1929,  Human  factors  in 
systems  design,  psychophysiology,  attitude  measurement;  Fellow,  AmericanPsychological 
Association,  American  Association  for  the  Advancement  of  Science,  Diplomate  in  Industrial 
Psychology, 


SENNA,  JOZEF  F.,  Captain,  QMC,  Project  Leader,  M.A«,  Ohio  State  T^nivsrsity,  1959,  Human 
factors  in  systems  operations,  engineering  psychology. 

STEMBHIOGE,  GEORGE  E.,  2/Lt.,  OMC,  Ph.D.,  University  of  Maryland,  1^62,  System  opera¬ 
tions  in  tropics. 

TAMBE,  JOSEPH  T.,  Captain,  QMC,  Project  Leader,  M.A.,  Ohio  State  University,  Human 
fa  .tors  in  systems  operations,  engineering  psychology. 

Ti:,RR£LL,  ROBERT  M.,  Third,  Pvt.,  Electrical  Engineer,  B.S.,  Stevens  Institute  of  Tech¬ 
nology,  1959,  Apparatus  design,  electronics. 

WHITE,  ROBERT  M.,  Physical  Anthropologist,  B.S.,  Haverford  College,  1939,  Applied  ph>sical 
anthropology.  Member,  American  Association  of  Physical  Anthropologists,  HumanFactors 
Society. 

YOUNGLING.  EDWARD  W..  Research  Psychologist,  M,S,,  University  of  Massachusetts,  1962, 
Engineering  Psychology,  effects  of  climatic  variables  on  psychological  processes. 

ZIMMERER,  THEODORE,  Pfc.,  Mechanical  Engineer,  B.S.,  Rutgers  University,  1959,  Ap¬ 
paratus  design,  mechanical  engineering. 
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8.  U.5.  ARMY  QUARTERMASTER  RESEARCH  AND  ENGINEERING  FIELD  EVALUATION 


AGENCY,  FORT  LEE,  VA. 

A.  CURRENT  WORK  PROGRAM 

4  Field  studies  of  Quartermaster  Items 

Date 

Estimated 

Title 

Experimenter 

Started 

Completion 

a.  Variations  in  relative 
preference  ratings  ob¬ 
tained  under  field  vs 
garrison  conditions 

T.  Burt 

Jun  1961 

Continuing 

Data  are  being  collected  to  determine  whether  the  measurement  of  acceptability  of 
cperational  rations  made  under  garrison  conditions  can  be  used  to  predict  acceptance  in  the 
field 

b  Development  of  a  J.  Saiufers  Jan  1961  Aug  1962 

unified  theory  methodology  (Grant) 
for  sensory  testing  and 
preference  measurement 

The  objectives  of  this  study  are*  (l)toformulate  a  completely  general  sampling  theory 
for  the  method  of  paired  comparisons*  (2)  to  prepare  a  computer  program  for  a  solution  to 
the  method  of  successive  categories  and  (3)towrite  a  complete  review  of  scaling  methodology 
in  the  Thurstonian  system  of  scaling  with  appropriate  examples. 

^  Development  of  J.  Sanders  Jun  1962  Continuing 

quantitative  measure  of  (Contract) 
combat  effectiveness  for 
(he  evaluation  of  QM 
equipment 

An  important  aspect  of  the  evaluation  of  new  chemical-biological  warfare  protective 
systems  will  be  to  determine  the  effect  they  have  on  the  operational  efficiency  of  the  infantry 
soldier.  This  researen*  being  conducted  under  contract,  will  develop  and  validate  objective 
procedures  for  measuring  the  relevant  aspects  of  combat  effectiveness.  The  techniques 
developed  will  then  be  incorporated  in  the  field  evaluations  of  prototype  items  as  they  are 
developed. 

B.  BIBLIOGRAPHY  OF  PUBLICATIONS  SINCE  LAST  CONFERENCE  REPORT 
None 

C.  BIOGRAPHICAL  DIRECTORY  Oi  PROFESSIONAL  PERSONNEL 

ASKEW,  ROBERT  L.,  Industrial  Engineer,  Methods  Engineering  Branch,  B.S.,  1956;  Industrial 
engineering. 

HEMBREE,  HOWARD  W.,  D^..  Scientific  Director;  Ph.D.,  1956;  Human  factors. 

SA.S'DERS,  JERRELL  L.,  Supervisory  Technologist,  Methods  Engineering  Branch.  B.S.,  1962; 
Fieia  test  methodology. 
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9.  U.S.  ARMY  SIGNAL  RESEARCH  AND  DEVELOPMENT  LABORATORY  FORTMONMOUTH, 
NEW  JERSEY 

A.  CURRENT  WORK  PROGRAMS 

1.  Internal 

As  part  of  the  product  review  and  value  analysis  function  of  the  Applications  Engineer¬ 
ing  Branch,  human  factors  engineering  reviews  were  made  of  approximately  twenty  Signal 
components,  equipments  and/or  systems. 

As  part  of  the  Applications  Engineering  Branch  research  effort  in  human  factors 
engineering,  two  studies  were  made,  resulting  ma  report  on  the  "Human  Factors  Engineering 
Considerations  of  the  Infantry  Radar  MLV-2a'*,  and  the  initiation  of  an  experimental  study  of 
the  relationship  between  object/image  ratio  and  speed  and  accuracy  of  target  identification 
by  unaided  operators. 

Human  factors  engineering  consultation  service  was  provided  to  USASRDL  scientists 
and  engineers  on  a  variety  of  equipments  and  systems.  Representative  equipments  and  sys¬ 
tems  are  Balloon  Launching  and  Inflation  Device,  Trip  Wire  Device,  Central  Office,  Tele¬ 
phone  Electronic  AN/TTC-  12  (XC-2),  and  the  Squad  Radio  Set. 

Effort  IS  continuing  within  Systems  Techniques  Branch  in  the  areas  of  imagery  and 
display  interpretation  techniques,  "real-time**  interpretation,  combining  of  multi-sensory 
information,  and  the  comparison  of  electronic  and  optical  display  methods. 

Date  Estimated 

Project  Experimenter  Started  Completion 

a.  Human  Factors  of  D.L.  Huebner  Jan  61  Continuing 

Imagery  Interpre¬ 
tation  Techniques 

Th(*  objective  of  this  program  is  to  experimentally  determine  valid,  quantitative  data 
that  are  applicable  to  ihe  development  of  advanced  techniques  and  man- machine  systems  for 
the  interpretation  of  imagery  from  photo,  radar  and  infrared  sensors.  A  pilot  experimental 
study  of  performance  at  high  rates  of  interpretation  has  been  conducted,  and  suggested 
performance  measures  presented  A  report  is  in  the  draft  stage.  A  series  of  meetings  have 
been  imtirted  to  coordinate  Army-wide  efforts  in  Human  Factors  in  Imagery  Interpretation. 
An  initial  meeting  in  April  1962  included  representatives  of  Project  Michigan,  HumRRO, 
USAPRO  and  USAEPG, 

2.  External 

Project  Title  Firm 

a.  Study  of  Human  Informa-  Applied 

tion  Handling  Rates  Psychological 

Services 


Pate  Started 
16  June  6i 


Estimated 

Completion 

15  June  1963 


This  study  develops  i  a  facility  for  the  evaluation  of  displays  developed  by  USASRDL 
scientists  and  engineers.  The  facility  enables  measurement  of  the  capacity  of  a  display  to 
transfer  information  to  an  operator,  and  the  effectiveness  of  the  operator  in  acting  on  the 
transterred  intormacon. 

Estimated 

Project  Title  Firm  Date  Started  Completion 

b  Human  Engineering  Dunlap  and  1955  continuing 

Studies  of  Signal  Corps  Associates,  Inc. 

Systems  and  Equipments 

The  purpose  of  this  worh  is  to  provide  service  in  specialised  areas  of  human  factors 
engineering  to  USASRDL  engineers  and  scientists  engaged  on  particular  projects.  Current 
projects  are:  Tne  UNICOM  Subscriber  Subsystem,  Study  of  Auditory  Signal  Characteristics 
for  Doppler  Ground  Surveillance  Radar  Systems.  Human  Factors  Design  and  Systems  Study 


for  a  Second  Generation  Lightweight.  Handheld  Radar  Set,  Human  Factors  Engineering  Study 
o£  the  Visual  Airborne  Target  Locator  System  AN/UVS-1,  Human  Factors  Engineering 
Review  of  Radio  Set  AN/GRC-i06.  Environmental  Conditions  in  Signal  Corps  Enclosures. 

Estimated 

Proieet  Title  Firm  Date  Started  Completion 

c.  Study  of  the  Human  Factors  Ford/Aeronutronic  1  July  62  30  June  63 

Aspects  of  Reliability 

This  study  is  conce’-ned  with  feasibility  of  quantification  of  the  human  factors  aspects 
of  reliability,  and  the  possible  application  of  quantified  reliability  theory  to  the  development 
of  Signal  Corps  equipments  and  systems. 

B  BIBLIOGRAPHY  OF  PUBLICATIONS  SINCE  LAST  CONFERENCE  REPORT 

Huebner,  D.L.,  Time  and  Error  in  Human  Recognition  of  Arabic  and  Binary- coded 
Decimals.  USASRDL.  Technical  Report  22SO,  January  1962 

Applied  Psychology  Corporation 

Final  Report  on  Contract  Nr.  DA-36-039-SC-78328,  DA  Project  Nr  3-99-00- 110, 
“Human  Factors  Ratings  in  Design  of  Signal  Corps  Syjtems.'* 

Applied  Psychological  Service 

First,  Second,  Third,  and  Fourth.  Quarterly  Progress  Reports  on  Contract  Nr  DA-039 
SC-87230,  Project  Nr  3A99  01  001,  “Information  Transfer  in  Display  -  Control  Systems." 

“I.  Survey  and  Variables  Included  in  a  Proposed  Display  Evaluative  Index," 

“n.  Exponent  Determination  and  First  Applications  of  a  Display  Evaluative  Index." 

“IIL  Further  Applications,  Reliability,  and  Validity  of  a  Display  Evaluative  Index." 

“IV.  Summary  Review  of  the  DEI  Technique." 

Dunlap  and  Associates.  Inc 

following  humanfactorsengineering  studies  in  support  of  specific  USASRDL  projects 
were  completed  under  Contract  Nr  DA  36-039-SC- 78921, 

“Design  Parameters  for  the  AN/PPS-6  Radar  System" 

“Dwell  Time,  Noise  and  Target  Type,  An  Experimental  Study  of  Aural  Detection  of 
Radar  Targets” 

“Guide  to  the  Coding  of  Controls” 

C.  BIOGRAPHICAL  DIRECTORY  OF  PROFESSIONAL  PERSONNEL 

Applications  Engineering  Branch 

Griffith,  Paul  £.,  Chief,  Applications  Engineering  Branch;  B.A.  Carleton  College  1929, 

Communications.  Member,  Acoustical  Society  of  America,  Sigma  Xi,  Senior  Member, 

IRd. 

Hennessy,  John  R.,  Chief,  Human  Factors  Engineering  Section,  M.A.  New  York 

University,  1949,  Mathematics  Education,  Member,  Human  Factors  Society, 

Reinhart,  Alfred  G.,  Electronic  Engineer  (General),  Human  Factors  Engineering  Section, 

National  Radio  Institute,  1930. 

Systems  Techniques  Branch 

Huebner,  Daniel  L.,  Research  Psychologist;  M.A.  TheNewSchool  for  Social  Research, 

195S,  Perception  and  Learning.  Member,  APA,  EPa.  IRE, 
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10.  U.S.  ARMY  TRANSPORTATION  RESEARCH  COMMAND,  FORT  EUSHS,  VIRGINIA 

A.  CURRENT  WORK  PROGRAM 


1.  Progr:tm  inciudes  the  continual  review  of  a  limited  number  of  the  items  of  the 
Transportation  Corps  equipment  during  the  period  that  these  items  are  being  conreived, 
des'gned  and  developed.  This  summary  review  has  to  do  with  the  design  and  recommended 
metnod  of  operation  of  this  equipment  from  the  viewpoint  cf  human  use.  This  type  of  re¬ 
view  usually  includes  one  or  more  of  three  approved  approaches' 

a.  Laboratory  test  which  normally  involves  simulated  use  of  an  item. 

b.  Field  test,  usually  performed  when  an  item  is  in  an  advanced' stage  of  develop¬ 
ment. 

c  Provide  advisory  service  on  the  application  of  known  human  factors  engineering 
principles  to  the  equipment  designers. 


2.  Supporting  Research 

Project 

Expertmenter(s) 

Date 

Started 

Estimated 

Completion 

a.  Aviation  Crash  Injury 
Research 

F.  P.  McCouit 

W.  J.  Nolan 
TRECOM 

Flight  Safety 
Foundation,  Inc. 

Sept  59 

Continuing 

The  program  objective  is  to  eliminate  or  greatly  reduce  those  factors  which 
cause  or  contribute  to  injury  and  death  of  personnel  involved  in  survivable  type  Army 
aircraft  accidents.  Through  a  contract  with  the  Flight  Safety  Foundation,  Ine.,  New  York, 
New  York,  research  is  conducted  in  fields  related  to  Army  Aviation  Safety,  with  particular 
emphasis  placed  on  crash  i:\jury  and  crashworthiness  programs.  Accident  investigations, 
statistical  analysis,  training,  and  human  factors  areas  comprise  much  of  the  work  require¬ 
ments  specified  in  the  contract;  however,  the  majority  cf  the  effort  expended  this  year  ha& 
been  .n  the  form  of  experimental  research.  This  research  bat  consisted  of  dynamic  crash 
tests  of  fully  instrumented  Army-type  helicopters  and  the  fabrication  of  an  experimental 
fire  suppression  and  inerting  system  for  radial  engines.  Two  remote  controlle  i  crash  tests 
are  planned  for  FY-63  which  will  incorporate  both  Crash  Injury  and  Crash  Fire  instrumen¬ 
tation.  Data  from  these  tests,  when  validated  by,  and  correlated  with,  data  to  be  derived 
from  future  experiments,  will  provide  valuable  information  upon  which  to  base  recommenda¬ 
tions  for  changes  to  applicable  Military  Specifications  and  aircraft  -•nd  component  design. 

b.  Vehicle  Vulnerability  E.  V.  Merritt  Feb  59  Continuing 

and  Crew  Protection  TRECOM 

D.  W.  Mowrer 
DRL 

Capt.  J.  F.  Senna 
QMRECOM 

The  program  objective  is  to  determine  the  degree  of  vulnerability  of  Army 
aircraft  and  the  optimum  degree  of  protection  which  can  be  provided  for  air  crews  through 
the  combination  of  personnel  armor  and  aircraft  armor. 

The  work  dealing  with  protection  of  Army  aircraft  crews  from  small  arms  fire 
continues.  A  protection  concept  was  formulated  and  systems  designed  for  several  specific 
aircraft.  The  system  varies  in  weight  and  configuration  depeniler.1  ou  the  degree  of  protec¬ 
tion  dreired  (full  or  partial  coverage)  and  the  range  at  which  protection  is  afforded.  Studies 
related  to  air  crew  protection  are  being  conducted  as  follows 

(1)  Visibility  Restriction  Study:  Tc  determine  the  effects  of  reduced  visibility 
occasioned  by  installation  of  protective  system  on  pilot  performance. 

(2)  Effects  of  Altitude  and  Speed  on  Air  Observer  Ferformance*  To  determine 
the  optimum  altitude  and  speed  for  detecting  and  identifying  ground  targets,  this  will  in 
turn  perxrut  a  higher  degree  of  accuracy  in  identifying  the  threat  in  terms  of  specific  weap¬ 
ons.  The  vulnerability  of  the  aircraft  may  then  be  determined  in  relation  to  the  threat  and 
tradeoffs  made  as  required. 
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T2 »  pcr»<^ine*  protection  conce^/t  as  formulated  for  Army  aTcraft  has  bean 
a^phed  tz  shallow  draft  boat;*,  and  Studi'^s  are  currently  being  directed  to  application  of 

t*.e  coKcept  to  ether  gr«»*nd  vahi'*lc5. 

c.  Gust  Accdecstion  Simu-  'Jartir  R.  Copp  I  July  62  2  May  63 

lator  Study  Robert  L.  Drugh 

VRECCM 
I'iorth  Americau 
Aviation,  Inc. 

The  cbject./e  of  the  t/rogram  is  to  study  the  effect  of  variations  In  gust  accelera- 
ti'*n  fre*iuen:7  and  amplitude  upon  the  performance  of  »ht  crew  of  an  aircrait  opera^mg  in 
a  low  K)'itud.«,  hifh  subsonic  sne^d  environme.it.  The  simulation  of  the  vertical  motion 
due  to  turbulence  unil  be  accomplished  by  the  movement  of  human  subjects  in  a  flight 
Simulator  rdiich  permits  vertical  motion  to  he  controlled.  Realistic  tasks  will  be  assigned 
fc  the  crew  (pilot  •.^id  observer)  anJ  from  the  results  of  the  study  the  degree  of  perform¬ 
ance  degradation  which  may  he  tolerated  in  a  fu>tained  turbulence  environment  Trill  be 
determined. 


B.  BlBLIOCRAPH^  Ch  PUBLlCATlC^iS  SINCE  LAST  CONFERENCE  REPORT 
<l)  f.i-service  Studies 

Mowrer,  D.  W.,  '‘Passive  Protection  f>r  the  Personnel  of  HU- 1  Helicopter.*,"  USATRECOM 
PrOjCCt  Number  9R95-2O-O0NO2,  November  1961. 

Mow\er,  O.  Ifc  ,  **Pasaivc  Protection  of  Army  Aircraft,"  USATRECCH  Project  Number 
CR9S-20-001.02,  1961. 


(2)  Contract  Studies 

CorftoU  Ae/cnaut'vsl  Laboratory.  Project  TRACE,  Aerial  Observer  Effectiveness  and  Nap- 
cf  <he-Earth.  CAL  Report  No.  VE- 1591-0- 1. 

r'ltgV  Safety  PoundMiCn  Staff.  U.  S.  .hrmy  HU- )  A  Bell  Iroquois  Helicopter  Accident,  Port 
Bragg.  N.  C„  USATRECCM  Technical  Report  61-35,  1961. 

rbghi  Safety  Foundatior  Staff.  C-91  Aircraft  Accident  In/estlgation,  Fort  Rucker,  Alabama, 
USaTRECOM  Technical  Report  61-91,  )96l. 

FHghi  Safety  Foundation  Staff.  Prediction  of  Degree  of  Injury  from  Impact  and  Damage 
Variables  in  Lightplane  Accident*,  USATRECOM  lechnical  Report  61-94,  1961, 

Flight  Safety  Foundation  Staff.  Relationthio  Br  tween  Impact  Variables  and  Injuries  Sus- 
t.«iT,ed  in  Lightplane  Accidents,  USATRECC.'d  Technical  Report  61-95,  1961. 

Flight  Safety  Foundation  Staff.  Injury  Se'^ei’ty  as  Related  to  Seat  Tie-Down  and  Belt  Fail¬ 
ure,  USATRECOM  Teclmicol  Report  6l-9h,  1961. 

Flight  Sa-ety  F©undatii>n  Staff.  Limits  of  Seat  Belt  Protection  During  Crash  Decelera¬ 
tions,  USATRECOM  Technical  Report  61-1 -.6,  1961. 

FJiyht  Safety  Toui^atiOn  Staff  Factor  .hnalysis  of  Lightplane  -Accident  Impact  and  Damage 
Variables,  USATRECOM  Tichnical  Report  61-122,  1961. 

FUcM  Safety  Foundation  Staff.  U.  S.  Army  H-21  Vertol  Shawnee  Helicopter  Accident, 
Tebyhanna,  Pa.,  USATREC.5M  Technical  Report  61-134,  1961. 

Flight  Safety  Foundation  Staff.  U,  S.  Army  L-  19A  Aircraft  Accident,  Holloman  AFB,  USA¬ 
TRECOM  Technical  Repor.  a2-9.  1962. 

Flignt  Safety  Foundation  Staff.  U.  S.  Army  HU-IA  Bell  Iroquois  Helicopter  Accident,  Port 
Carson,  Cclo.,  USATRECOM  Technical  Report  ^2-10,  1962. 
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Fh^M  Safet/  Foundation  Staff,  U.  S,  Aimy  Aviation  Crash  Injury  Research,  USATRECOM 
Technical  Repor- 62- 13,  1962. 

Flight  Safety  Foundation  Staff  Breakaway  Fuel  Concept,  USATRECOM  Technical  Report 
62.37,  1962. 

Flight  Safety  Foundation  Staff.  S-2B  Snow  Aerial  .-Sopheator  AircraCl  Accident,  USaTRECOM 
Technical  Report  62-43,  1762 

Flight  Safety  Foundation  Staff.  Modifications  to  the  Passenger  Seat  Belt  Tie-Oown  Attach¬ 
ments  in  the  U.  S.  Army  HU-  1  Series  Bell  Uroquois  Helicopter,  USATRECOM  Technical 
Report  62-45,  1962. 

Flight  Safety  Foundation  Staff.  Dynamic  Test  of  an  Experimental  Troop  Sea*,  USATRECOM 
Technical  Report  62-48,  1962. 

Flight  Safety  Foundation  Staff.  Helmet  Design  Criteria  Based  on  the  Army  ^FH- 5  Helmet 
Evaluation,  USATRECOM  Technical  Report  62-57,  1962. 

Flight  Safety  Foundation  S*aff.  U.  S.  Army  National  Guard  H- 13E  Helicopter  Accident, 
AmityviUe,  New  York,  USATRECOM  Technical  Report  62-64,  1962. 


C.  BIOGRAPHICAL  DIRECTORY  OF  PROFESSIONAL  PERSONNEL 


BRUCH,  ROBERT  L.,  Aerospace  Engineer,  Aeromechanics  Division,  Aviation  Directorate. 
BS  in  Aeronautical  Engineering,  Virginia  Polytechnic  Institute,  1962. 

KOPP.  MARTIN  R.,  Aerospace  Engineer,  Aeromechanics  Division,  Aviation  Directorate, 
BS  in  Aeronautical  Engineering,  New  York  University,  1946. 

MCCOURT,  FRANCIS  PATRICK,  Aviation  Requirements  Technical  Advisor,  Technicai 
Directorate. 

MERRITT,  ELMER  VERNON,  Armament  &  Vulnerability  Branch,  Design  &  Performance 
Division,  Aviation  Directorate. 

NOLAN,  WILLIAM  JOSEPH,  Research  Analysis  Division,  Aviation  Directorate. 

REED,  JERRY  LEE,  2/Lt,  TC,  Armament  &  Vulnerability  Branch,  Design  &  Performance 
Division,  Aviation  Directorate.  BS  in  Aeronautical  Engineering,  The  Agricultural  & 
Mechanical  College  of  Texas,  I960. 


11.  U.S.  ARM-'  BOARD  FOR  AVIATTON  ACCIDEHT  RESEARCH,  FORT  RUCKER,  ALABAMA 

A,  WORK  PROGRAM 

1.  Program  anclu^i^e  >nve»t';atton  oi  Army  aircraft  acciJenta  and  continual 

review  and  3nr.4vsis  of  'Ccadent  investigation  reports.  TK«  purpose  of  this  program  is 
to  learn  about  the  hv*ran  coaiponrnt  :?£  accident  prevention  since  people  plus  lardware 
equal  accident*  lDt>excntl>  the  a>'complishrr<.nt  o(  this  objective  encompasses  the  broad 
spi'ctrum  of  bur  lan  ^art  >rs  u^icated  by  the  following  ar*''as‘ 

a.  Physiological  -  physical  stress  in  flight;  fatigue;  sensory  organs,  vertigo  and 
illusions*  ;diysacal  f^tiios'',  .njury  causation  and  prevention,  autopsies 

b.  Psychologi^l  -  Kvan-inac  ine  Relationship,  experience  and  toowledge,  psycho* 
mots  '  skills  ai  i  errors  at'entior  and  errors  of  attention,  perception  and  errors  of 
porceplion,  jvog'^ent  and  errors  of  judgment,  training  and  selection. 

2.  The  r*',ta  gathered  ic  the  cited  areas  are  for  the  primary  purpose  oC  enhancing  the 
mission  cai/abiliti-  of  Army  aviation.  The  data  are  usuJ  widely,  including  the  earliest  stages 
of  the  life  cycle  of  ne*v  aircraft,  the  modification  of  existing  alrcraR  and  as  a  source  of 
feed-back  af  trair-ng  aivd  operational  programs.  In  adduion'the  Jata  are  used  in  the  prepa* 
ration  o  re^rts,  presentations,  and  justification  for  new  or  revisions  to  existing  specifi¬ 
cations  and/or  regulations,  Sorne  of  the  specific  accomplishments  of  the  past  year  are: 

a.  EqjLipmert  Kvaluar^on 


1.  Model  Cpecifications 

2.  HU-  IF  Safety  of  Flight  Inspection 

3.  HU- IB  Contractor  leci^ical  Compliance  Conference 
L  HU-  cO  Design  Engineering  'nspCcti?n 

LCH  Mocloio  Inspeetio.1 

6.  IX»H  Plan  cf  Tect 

7.  AO-1  Cjatvactor  Technical  Compliance  Co<.ference 
h.  AC- 1  Model  Specification  Review  Conference 

Army  Aircraft  Crewman's  Helmet 
!0.  Martin  Raker  ^30-1  Ejection  Seat 

b.  Reporta 

1.  HU-l  Seat  Fuiiuxes 

7.  Physiological  factors  in  Army  Aircraft  Accident  Causation 

3.  A.rmy  Aidatxon  C*’ewman  Helmet  Experience 

4.  A  Oompnrlson  of  Army  Rotary  and  Fixed  Wing  Fire  Accident  Experience 

5.  A^my  Fix«d  Wing  Accidents  Involving  Fire 

6.  Role  ol  Pilot  Factors  in  Army  Helicopter  Accidents 

'f.  Role  of  Pilot  Factors  in  Army  Fixed  Wing  Aircraft  Accidents 


c.  Presentations 

1.  "Parameters  of  Head  Injuries,"  Army  Airerswman’s  Helmet  Task  Group, 
QMC,  Research  and  Engineering  Command,  Nat  -  .  Massachusetts 

2.  "HeUco^er  vs  Tixe'*  Wing  Crasti  Injuries  -  my  Experience,  33rd  Annual 

Scientific  Meeting  of  Aerospahe  Meelcal  .«tion,  Atlantic  City,  Ne:v 

Jersey 

3.  "Accident  Prcvcx^ior  Through  Reduction  cf  Human  Error,"  Aviation  Safety 
Seminar.  Fort  Campbell,  Kentucky 

4.  "Level  and  Prior2t>  of  Protective  Requiremen's,"  Office  of  Surgvon  General, 
Washington,  D.  C. 

5.  "Summary  of  Army  Aircraft  Accident  Experience  Since  1958,"  Joint  Com¬ 
mittee  on  Aviation  Pathology,  Toronto,  Canada 

6.  "Army  Experience  with  Crarh  Injuries  and  Protective  Equipment,"  Symposium 
on  Diomechamcs  of  Head  Injury  &  Body  Restraint,  Naval  Materiel  Center. 
Philadelphia.  Pennsylvania 

7.  "Helicopter  Accidex::t3  Involving  Fire,”  Aviation  Committee-National  Fire 
Prevention  Committee,  Detroit,  Michigan 
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D.  ORGANIZATION  -  The  harr-an  «acto/$  effort  is  iloseJy  coordinate**  wUh  t^5  other  func¬ 
tions  of  the  Analysis  and  f'eseirvh  Division  in  order  to  cover  th^.  spectrum  of  human 
factors  as  a  source  oi  causation  in  aircraft  Jcc*d'‘nts. 


j  DIRECTOR  j 


.VNALYSIS  and  I 
RESEARCH  DlVISIOIy 
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engineering  ( 

OperatloTiS  & 

Data  1 

... - 5  1 

HUMAN  EAClCnS 

2  -  Fhjht  S'Kgeor. 

1  -  Aviatioa  Psychologist 
1  -  Crash  ZxtjuTv  Analyst 
I  -  Perjojal  Equipment  ?rc 
Survival  Specialist 
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IZ.  u,53.  ARMY  PERSONNEL  RESEARCH  OFF/CK 


-r.Cpy  ENT  WORK  PROGRAM 


1.  The  U,  S.  Azm/  Personr.O  Research.  0/(ice  (APRO)  carries  out  RDT  and  £  funded 
Project  OJ95  *60-001  to  undertake  •u:u2e'»  and  research  m  the  fields  of  selection,  classify* 
cat'o^.  management,  and  utilization  3S  approved  b/ the  Chief  of  Research  and  Developmeid. 

a.  To  carry  out  appropriate  studies  and  rescavtfh  in  selection  and  classificatiOtt* 
APRO  devel^pb  psychclogtcal,  psychomet/ic^  and  mathematical  models  through  w^.tch  the 
bust  candidates  for  successful  training  or  jOC  assignment  are  identified  from  a  large  appli¬ 
cant  pool,  rnd  optimum  matca  of  mer  to  Jo'll  is  accomplished  when  a  large  pool  of  appli¬ 
cants  must  He  distributed  to  training  or  job  aasi^bments. 

L.  Research  in  personnel  management  conducted  to  improve  manpower  manage¬ 
ment  systems.  Emphasis  is  placed  on  problem^  amen&ble  to  a  research  approach  generally 
involving  the  use  of  scientific  experimentation  and  construction  of  mathematical  rr.cdels. 
Such  research  takes  into  account  manpower  flow  “nd  rei^rements,  comminicatioi.  channels, 
information  flow,  format  organizational  stiucture,  and  individual  diffe’^'encrs  as  they  affect 
the  peVfornUnce  of  the  system. 

<*.  Rerearch  in  persoruiel  utilization  involves  the  do'ek>pment  i«nd  application  of 
hum  in  factors  Knowleoge  ana  techniques  to  the  imp*‘CVement  of  Army  man-machine  systems 
for  the  promotion  of  more  efficient  individual  and  unit  performance  on  tne  Job.  Personnel 
utilization  research  takes  into  account  needed  balance  betv.een  nv«n  and  machiui  capabilities, 
psychological  and  behavioral  limits  of  working  demands,  and  factors  *n  worl*.  environment, 
including  unusual  as  well  as  typical  conditions  of  the  |ob. 

2.  The  current  work  program  (FY  63)  consists  of  13  research  ta^ks  carried  oul  by  four 
research  laboratories: 


a.  The  Military  Selection  Research  Laborat'^n*  c^/nducts  human  factor.,  research 


with  particular  emphasis  on  development  of  techniques  fox  selecting  and  claarlfying  enlisted 
personnel  of  the  U.  S.  Army. 

(1)  INPUT  QUALITY  TASK  (Methods  for  Improvhig  Enlisted  Inpul  QuaUty). 
Re.earch  information  on  operational  screening  problems,  techr-ical  inloroatien  and  inethada 
for  improving  future  forms  of  input  tests,  methods  fj- eatimatin^  mental  abilities  of  the 
civilian  pool  available  for  service,  development  end  implementatitm  of  AFQT  and  auxiliary 
instruments. 

(2)  NEW  CLASSIFICATION  TECKLTQUES  (New  Techniques  for  Enlibteo  Classi¬ 
fication).  Periodic  introduction  of  new  and  improved  Instruments  irto  the  ACB,  deyel'tpmi'nt 
of  measures  predicting  vdiat  men  will  do  in  training  and  on  the  job  in  relation  to  what  thby 
can  do.  Identification  of  personal  and  situational  factors  leading  to  changes  of  career  inten¬ 
tion,  development  ci  measures  of  physical  proficiency  relevant  to  Army  Jobs- 

(3)  CIVILIAN  RESEARCH  CONSULTATTOK  (ConsulUtive  Assistance  on  Civilian 
Personnel  Rerearch).  A]n>Hcation  of  previous  cl'^llian  and  militar/  personnel  research  to 
current  civilian  personnel  problems,  evaluation  of  proposals  for  new  research  on  clviUaa 
personnel  problems. 

b.  The  Combat  Systems  Research  Laborntorv  ^ocases  its  research  effort  on  analysis 
and  solutl^  of  human  foctors  problems  (other  than  framing  t«r  human  engineering  problsms) 
111  present  and  future  man-machine  systems,  as  reliited  to  direct  cembat  effectiveness. 
Particular  attention  is  paid  to  the  con.bat  capability  of  individuals  and  of  small  groups 
together  with  their  cruipment,  performing  under  psychologic-1  and  environmental  hazards. 

(4)  FIGHTING  VEHICLES  (Identification  and  Measaroment  ofPsychologicalFactors 
clelatcd  to  Operation  o*  Fighting  Vehicles).  Huma^  factor?  knowledge  concerziing  optimal 
composition  and  organization  of  personnel  within  an  armored  tactical  system. 

(5)  FUTURE  COMBAT  (Personnel  Planning  and  Utilization  in  Combat  Organiza- 
tionsj.  Estimating  of  total  Army  personnel  requirements,  including  delerzniitatiCA  of  person- 
net  Acquirements  arising  from  new  weapons  syetems,  probable  critical  areas  of  personnel 
shortage  and  overage,  a^  improved  selection,  classification,  and  utilization  through  use  of 
computers, 

(6)  MONITOR  PERFORMANCE  (IJcp^dable  Perform«nce  in  Monitor  Jobs). 
Improvement  of  work  methods  and  selection  techniques  for  a  broad  spectrum  of  critical 
U.  S.  Army  monitoring  Jobs  having  a  vigilance  cemporent,  and  improved  utili^tion  of  per- 
sorjiel  for  the  Army  Security  Agency. 

c,  ^e  Support  Systems  Research  I,abo^tcrr  focuses  its  research  effort  on  analysis 
and  solution  of  humn  factors  problems  (other  than  training  or  hum^n  engineering  problems) 
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in  present  and  t  .ture  man*nachine.  systems,  as  related  to  vombat  support  activities  (tech¬ 
nical  services  type  systei  >s*  c.g.^  combat  suiveil’snce,  image  interpretation,  electronics). 
Particular  attention  is  paid  Ir  enhancing  the  capability  of  individuals  in  small  groups,  their 
worh  n.ethods,  ind  tueir  .>ve2-aU  effectiveness  in  the  system  situation. 

('•')  IldAGE  K^TERPRETATION  (Psycuologxcal  Factors  in  I'lage  Interpretation). 
Performance  standards  and  selection  tests  for  image  interpreters,  improved  techniques  for 
ima^e  interpretation,  infcrn.ation  as  to  optimal  limits  of  sustained  work  and  time  demanos 
ard'’3S  to  the  photo  qualities  which  influence  accuracy,  completeness  and  timeliness  of 
mtei  prefer  performanje. 

(£)  IMAGE  SYSTEMS  (Image  S-stems  Integration).  Approaches  that  maximize 
group  interpreter  prodixtivity  in  typical  missions,  improved  means  of  requesting  informa- 
sion  from  interpreters  ano  of  uomniunicating  the  information  extracted  oy  interpreters, 
information  establishing  the  utility  and  human  factors  requirements  for  real-time  image 
systems,  and  determination  oi  human  -actors  problems  and  difficulties  likely  to  arise  in 
new  image  systems  when  used  in  tactical  operations. 

(9)  ELECTROlflf^  (Selection  and  Utilization  of  Electronics  Personnel).  Im¬ 
proved  assignment  of  electronics  uersonne»  ♦hrough  differential  identification  of  aptitude 
for  MOS  of  high  and  low  le.els  of  complexity,  improved  general  level  of  on- job  performance, 
improved  utilization  of  human  abilities  in  complex  man-machine  systems  b/ specification 
of  effective  individual  and  group  work  methods  and  techniques,  and  oojective  performance 
measures  for  the  evaluation  of  syeteu*  and  sub-system  effectiveness. 

d.  The  Peh:«vioral  Evaluation  Research  Laboratory  specializes  in  human  factors 
research  required  for  the  identification  and  utiUjsation  of  special  Army  personnel— officers, 
NCO’s,  fightmg  personnel,  special  warfare  personnel— upon  whom  critical  psychological 
and  physical  demands  ate  made. 

UU)  OFFICER  PREDICTION  (Prediction  of  Effective  Officer  Performance).  Maxi- 
-num  ut>Uzati.i.'%  of  available  officer  ^lent  in  the  Army  of  the  future  through  definition  of  the 
specific  demands  of  each  type  Job  assignment,  recognition  ot  aptitudes  and  characteristics 
related  to  competent  performance  in  specific  jobs,  and  improved  criteria  for  the  selection 
or  early  identification  of  potential  officers. 

(1))  CADET  XXADERS  (Psychological  Measures  for  Use  in  Primary  Officer 
Selection  and  E\aluation  Programs).  Increa^sd  quality  and  career  motivation  of  USMA, 
ROTC,  and  OCS  giaduates  through  the  use  of  improved  selection  and  evlauation  measures 
of  cadets  and  of^'.cer  candidates. 

(12)  NCO  LEADERS  (Selection  of  SCO  Leaders).  Screening  techniques  to  identify 
upon  entrance  into  the  Army  those  persons  with  greatest  likelihood  of  developing  NCO 
abilities  and  screening  techn^ues  to  use  with  an  EM  after  he  has  accumulated  sufficient 
experience  and  truimng,  to  be  used  in  conjunction  with  other  evidence  to  identify  those 
persons  most  likely  to  become  good  combat  NCO's. 

(13)  COMBAT  SELECTION  (Army  Classification  Tests  for  Combat  Selection). 
Development  of  ii,np''OVcd  persraality  measures  for  use  Jn  identifying  more  effective  person¬ 
nel  fo7  combat  MOS.  use  of  rating  instruments  to  increase  substantially  the  effectiveness 
of  selecting  combr^  personneL  and  techniques  to  select  an  increasing  number  of  successful 
candidates  for  Ranger  and  Special  Forces  training. 

3.  A  fifth  laboratory,  the  Statistical  Research  and  Analysis  Laboratory,  provides  sta¬ 
tistical  consultative  and  planmng  support  and  data  processing  and  analysis  services  for  the 
research  activities  of  the  ^her  laboratories. 

4.  The  Combat  Systems  and  Support  Systems  Research  Laboratories  are  particularly 
concerned  with  man-niachuie  and  hence  lead  considerable  close  interaction  with  human 
engineering  laboratories. 

5.  The  complete  APRO  program  is  of  interest  to  personnel  engaged  in  human  factors 

activities  and  is  available  upon  request  from  the  U.  S.  Army  Personnel  Research 
Office,  Washington  25.  D.  C, 


TECHNICAL  RESEARCH  REPORT 

Bayroff,  A,  G.  Methods  fop  improving  enlisted  input— Status  Report,  39  June  1962.  APRO 
Technical  Research  Report  1125.  July  19o2. 
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Dobbins,  O,  A.  Monitor  Periornwncc  T»sk— Status  Report,  30  June  1962.  APKO  Technical 
Research  Report  1123.  June  1962. 

Helme,  H.,  Orahaia,  '.V.  R.,  and  Anderson,  A.  A,  Development  of  ACB  Automo^iv*  In¬ 
formation  and  Clerical  Speed  Tests,  Forms  3  and  4.  APRO  Technical  Research  Report 
1122.  March  1962. 

Heim*',  W.  H.  and  Katz,  A  Attrition  Reduction  Task— Status  Report,  30  June  1962.  APRO 
Technical  Research  Report  1124.  June  1962. 

Heime,  W.  H.  and  Abaters,  L<.  K.  New  Classification  Techniques^Status  Report,  30  June 
l®62.  APRO  Technical  Research  Report  1126.  July  1962. 

Medland.  P.  F.,  Hammer.  C.  H.,  and  Prankfeldt,  F.  Selection  of  NCO  Leaders^Status  Re¬ 
port,  30  June  1962.  APRO  Technical  Research  Report  1127,  June  1962. 

Wiskoff,  M.  F.  Selection  of  Anti-Tank  Missile  Gunners-^Status  Report,  30  June  1962. 
APRO  Technical  Research  Report  1128.  June  1962. 


TECHNICAL  RESEARCH  NOTES 

Birnbaum,  A  H.  Human  factors  research  in  image  systems— Status  Report,  30  June  1962. 
APRO  Technical  Research  Note  122.  June  1962. 

Brown,  Emma  E.,  and  Kaplan.  H.  Abstrrets  oi  USAPRO  Research  Publications— FY  1962, 
APRO  Technical  Research  Note  123,  August  1962. 

Brown,  Emma  E.,  and  Walton,  Ruth  T.  Abstracts  of  KFRB  Research  Publications-FY  1961. 
HFRB  Technical  Research  Note  116.  August  1961. 

Dobbins.  D,  A,  Skordahl,  D.  M.^  and  Anderson,  A  A  Prediction  of  Vigilance*  AASHO  Road 
Test.  APRO  Technical  Research  Note  119.  December  1961, 

Dobbins,  D,  A,  Tiedemana,  J.  G,,  and  Skordahl,  D.  M.  Field  Study  of  Vigilance  under  high¬ 
way  driving  conditions.  APRO  Technical  Research  NMe  118.  December  1961. 

Klieg^r,  W.  R.,  Sargent,  B«  B.,  and  Dubisson,  A  U.  Poor  Ratings  as  Predictors  of  Dis¬ 
ciplinary  Problems.  APRO  Technical  Research  Note  124,  July  1962. 

Ringel,  S,,  and  Smith,  P,  F.  Tracking  performance  in  the  missile  master— Target  load, 
tracking  time,  and  rated  proficiency.  APRO  Technical  Research  Note  121.  May  1962. 

Rosenberg,  N.,  Skordahl,  D.  M.,  and  Anderson,  A  A  Development  of  experimental  selectors 
for  Army  helicopter  pilot  trainees— personality  constructs.  APRO  Technical  Research 
Note  115.  August  1961, 

Sadacca,  R.,  Castelnovo,  A,  and  Ranes,  J,  Human  Factors  Studies  in  Image  Interpretation: 
The  Impact  of  Intelligence  Information  Furnished  Interpreters.  APRO  Technical  Re¬ 
search  Note  117.  August  1961, 

'Jidacca,  R.,  Ranes,  J.  E.,  and  Schwartz,  A  1.  Human  factors  studies  in  image  interpreta¬ 
tion;  Vertical  and  oblique  photos.  APRO  Technical  Research  Note  120.  December  1961. 


RESEARCH  STUDIES 

Dobbms,  D,  A,,  and  Skordahl,  D.  M.  Survey  of  U.  S.  Army  Monitor  Jobs.  APRO  Research 
Study  62-  1.  April  1962. 

Fuchs,  .E.  F.,  and  Katz,  A  Enlisted  Women  in  Electronics  jobs— Administrative  Feasibility. 
APRO  Research  Study  62-4.  July  1962. 

Hammer,  C,  H.  Survey  ox  noncommissioned  officer  academies  for  criterion  development 
purposes.  APRO  Research  Study  61-4.  December  1961. 


Rxngcl,  S.  Human  Factors  research  in  complex  electronic  systems.  APRO  Research  Study 
61-3.  July  1961. 

Ringel,  S.  Increasing  personnel  effectiveness  in  electronic  systems— Status  Report,  30  June 
1962.  APRO  Research  Study  62-5.  June  1962. 

Sternberg,  J.  J.  and  Hardy,  G.  D,  Fighting  Vehicles— Status  Report,  30  June  1962.  APRO 
R-:8earch  Study  62-2.  June  1962. 

Willemxn,  L.  P.  Prediction  ol  Effective  Officer  Performance.  APRO  Research  Study  62-3. 
June  1962. 

APRO  PAMPHLETS 

Berkhovse,  R.  G.  Army  Classification  Test  for  Combat  Selection.  June  1961. 

Dobbins,  D.  A.  and  Tiedemann,  J.  G.  Dependable  Performance  in  Army  Momtor  Jobs. 
April  1962. 

Fuchs,  E.  F.  and  Helme,  H.  The  Aptitwle  Area  System.  March  1961. 

Karcher,  E.  K.  and  Berkhouse.  R.  G.  Combat  Simulation  for  Human  Factors  Research. 
Ju.'.e  1961. 

Medland,  F«  F.  and  Hammer,  C.  H.  Selection  of  NCO  Leaders.  March  1962. 

Uhlaner,  J.  E.  Human  Factors  Research  in  The  Adjutant  General's  Office.  July  1961. 
Uhlaner,  J.  E.  Responsiveness  to  DCSPER  Objectives.  December  1961. 

Uhlaner,  J.  E«  Human  Factors  Research  in  the  U.  S.  Army  Personnel  Research  Office. 
Jacuar>  1962. 

Uhlaner,  J.  E.  Human  Factors  Research  in  the  U.  S.  Army  Persoxmel  Research  Office. 
June  1962. 

Wlllemin,  L.  P.  Prediction  of  Effective  Officer  Performance.  April  1962. 


JOURNAL  ARTICLES  AND  PAPERS  PRESENTED  AT  MEETINGS  OF  PROFESSIONAL 

ORGANIZATIONS 

Birnbaum,  Abraham  H.  An  Evaluation  of  Photo  Display  Modes  for  Extraction  Intelligence 
Information.  Paper  presented  at  Uie  Eighth  Army  Human  Factors  Enginering  Con¬ 
ference,  Fort  Benning,  Georgia.  l6  -  19  October  1962. 

Birnbaum,  Abraham  H.  Effects  of  Selected  Photo  Characteristic  of  Detection  and  Identifica* 
tion.  Paper  presented  at  the  Symposium  of  Photo  Interpretation  sponsored  by  the  In¬ 
ternational  Society  for  Photogrammetry,  Delf,  Netherlands.  29  August  •  5  September 
1962. 

Boldt,  Robert  F.  A  Multivariate  Function  useful  in  Personnel  Management  Models.  Paper 
presented  at  First  Army  Operation  Research  Symposium,  Duke  University,  Durham, 
North  Carolina.  March  1962. 

Castuiacvo,  E.  and  Sadacca,  R.  The  Effect  of  .A.uxiUiary  Intelligence  Information  on  PI 
P  rfornumce.  Paper  presented  at  the  27th  Annual  Meeting  of  the  American  Society  of 
Photogrammetry,  Washington,  D.  C.  19-25  March  1961. 

Castelnovo,  A.  £.  Effects  of  Atmospheric  Noise  Level  and  Work  Methods  on  Radio  Telephone 
Message  Transcription.  Paper  presented  at  the  Eighth  Army  Human  Factors  En¬ 
gineering  Conference,  Fort  Benmng,  Georgia.  16- 19  October  1962. 

Dobbms,  D.  A.,  Skordahl,  D.  M.  and  Tiedemann,  J.  G«  Vigilance  under  Highway  Driving 
Conditions.  Paper  presented  at  the  Highway  Research  Board  Annual  Convention,  Washing¬ 
ton,  D.  C.  January  1962. 
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Graham,  Warren  R,  Development  of  a  Theoretical  Classification  Index.  Paper  presented  at 
the  annual  convention  of  the  American  Psy  ;,hological  Association,  Chicago,  Illinois.  31 
August  -  7  September  I960. 

Graham,  W.  R.  and  Johnson,  C.  D.  An  Experimental  Comparison  of  Inventory  Validity 
Obtained  Before  and  After  Work  Experience.  Accepted*  Journal  of  Applied  Psychology 
for  publication  about  February  1963. 

Graham,  W.  R.  and  Johnson,  C.  D.  An  Experimental  Comparison  of  Inventory  Validity  Ob¬ 
tained  Before  and  After  Work  Experience.  Paper  presented  at  the  annual  convention 
of  the  American  Psychological  Association,  St.  Louis,  Missouri.  September  1962. 

Haggerty,  Helen  and  Stubbs,  Joel  R.  Prediction  of  Field  Grade  Officer  Performance  o.  West 
Point  Graduates.  Paper  prejented  at  the  annual  convention  of  the  American  Psychologi¬ 
cal  Association,  St.  iJouis,  Missouri.  September  1962. 

Kotula,  L.  J.  Evaluation  of  Personality  Test  Forms  used  in  the  Army  Reenlistment  Re¬ 
search  Program.  Paper  presented  at  the  annual  convention  of  the  American  Psychologi¬ 
cal  Association.  St.  Louis,  Missouri.  September  1962. 

Orleans.  L  D.  and  Birnbaum,  A.  H.  Validation  of  a  Selection  Battery  for  Army  Cmhar 
Supervisors.  Paper  presented  at  the  annual  convention  of  the  American  Psychological 
Association,  New  York  City,  New  York.  September  1961. 

Sadacca.  Robert.  Development  of  New  Techniques  for  use  In  Image  Interpretation  Systems. 
Report  -  Seventh  Annual  Army  Human  Factors  Engineering  Conference  3-6  October 
1961,  221,  1961. 

Zeidner.  Joseph.  Requirements  for  Research  on  Psychological  Factors  in  Image  lnt<“preta- 
tation.  National  Academy  of  Sciences,  National  Research  Council,  158,  1962. 
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C.  BIOGRAPHICAL  DIRECTORY  OF  PROFESSIONAL  PERSONNEL- -Organizational  mailing 
address  is  U.  S.  Army  Personnel  Research  Office,  Washington  25,  D.  C. 

ANDERSON,  ALAN  A.,  Research  Psychologist  (PMandE);  MA,  American  University,  1958, 
Psychology 

ANDREWS,  ROBERT  S.,  Research  Psychologist  (General);  MS,  William  and  Mary  College, 
1958,  Psychology:  Assoc  APA,  SFPA,  AAAS,  Va.  Acad  of  Science 

BAYROFF,  ABRAM  G.,  Task  Leader;  PhD,  University  of  North  Carolina,  1931,  Psychology, 
Fellow  APA,  EPA,  DCPA,  AAA.>,  SEPA,  Sigma  Xi,  So.  Society  fur  Philosophy  and  Psy¬ 
chology 

HERKHOUSE,  RUDOLPH  G..  Task  Leader,  BS,  Ohio  State  University.  1940.  Psychology 
(all  work  toward  PhD  completed  except  dissertation  -  American  University),  Member 
APA,  Psychometric  Soceity,  Psi  Chi 

BICELOW,  GEORGE  F.,  Intelligence  Operations  Specialist;  AB,  Hov/ard,  1938,  English, 
American  Society  of  Photography 

BIRNBAUM,  ABRAHAM  H.,  Task  Leader;  PhD,  New  York  University,  1957,  Psychology; 
Member  APA,  EPA  DCPA 

BERSK,  PHILIP  J.,  Chief  Research  Laboratory;  PhD,  Columbia  University,  1949,  Psychology; 
Fellow  APA,  AAAS,  Sigma  Xi,  Psychonomic  Sqcietv 

fiOLDT,  ROBERT  F.,  Task  Leader;  PhD,  Princetcn  University,  1962,  Psychometrics;  Mem¬ 
ber  APA,  EPA,  American  &tat.  Assoc.,  Psychometric  Society,  Sigma  Xi 
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BROGDEN,  HUBERT  E..  Chief  Scientist.  PhD,  University  of  Illinois,  1939.  Psychology,  Pel- 
low  APA,  DCPA,  Sxgna  Chi,  Psychometric  Society 

DROWN,  EMMA  E.,  Research  Psychologist,  MA,  University  of  ColoiauO,  1927,  Languages, 
Member  APA,  Psi  Chi,  DCPA 

DURKE,  LAVERNE  K.,  Research  Psychologist  (PMandE),  MA,  Ohio  State  University,  1935, 
Psychology  (all  course  requirements  and  language  examinations  completed  toward  PhD, 
American  University,  Statistics),  Member  APA,  EPA,  DCPA,  Psychometric  Soceity, 
American  Stat.  Assoc. 

CASTELNOVO,  ANTHONY  E.,  Research  Psychologist,  MS,  Kent  State  Universit-  i950. 
Psychology 

CORY,  EERTHA  K.,  Assistant  Chief,  Statistical  Research  and  Analysis  Laboratory,  MA, 
Un»vei»ity  of  Rochester,  1941,  Psychology,  Member  APA,  DCPA,  EPA,  American  Stat. 
Assoc;.  Psychometric  Soceity,  Sigma  Xi,  Phi  Beta  Kappa 

DENTON.  BARNETT,  Research  Psychologist,  MA,  Syracuse  University,  I960,  Psychology, 
AAPA 

DOBBINS,  DELANEY  A.,  Task  Leader,  PhD,  Louisiana  State  University,  1959,  Psychology, 
Member  APA,  La.  Psych.  Assoc,  Phi  I^ppa  Phi 

DRUCKER,  ARTHUR  J,,  Staff  AssisUnt,  PhD,  Purdue  University,  1949,  Psychology,  Fellow 
APA.  DCPA,  EPA,  Internatiott  Assoc.  Applied  Psychology 

DUBUISSON,  ADRIAN  U.,  Research  Psychologist;  MS,  University  of  Auburn,  1955,  Psychology 

FRANKFELDT,  ELI,  Research  Psychologist,  MS,  City  College,  New  York,  1938,  Psychology. 
Member  APA,  EPA 

FUCHS,  E.  MUND  F.,  Chief,  Research  Laboratory;  MS,  Fordham  University,  1942,  Psychclegy; 
DCPA.  Fellow  APA.  American  Catholic  Psych.  Assoc.,  Md.  Psych.  Assoc.,  Psychometric 
Society,  AAAS 

GIBSON,  WILFRED  A,,  Chief  Statistical  Research  and  Consultation  Unit,  PhD,  University  of 
Chicago,  1951,  Psychometrics;  Fellow  APA,  American  Stat.  Assoc.,  Psychonomic 
Society,  Psychometric  Society 

GORDON,  LEONARD  V.,  Chief.  Research  Laboratory;  PhD,  Ohio  State  University,  1950, 
Psychology;  Fellow  APA,  International  Association  Applied  Psychology,  Psychometric 
Society,  WPA 

HAGGERTY,  HELEN  R.,  Research  Psychologist,  PhD,  Teachers  College,  New  York,  1938, 
Education;  Member  APA,  AAAS  Nat,  Society  for  Study  of  Educ.;  American  Educ.  Rsch. 
Assoc. 

HAMMER,  CHARLES  H.,  Research  Psychologist  (General);  PhD,  Purdue  University,  1958, 
Industrial  Psychology;  Member  APA,  DCPA,  MPA,  Sigma  Xi 

HARDY.  GUTHRIE  D„  Research  Psychologist,  BA.  Cornell  University,  1959,  Psychology 

HEERMANN,  EMIL  F.,  Research  Psychologist  (PMandE);  PhD,  Ohio  State  University,  1959, 
P£>chology  and  Statistics;  Member  APA,  Md.  Psych.  Assoc. 

HELMF,  WILLIAM  H.,  Task  Leader,  PhD,  New  Schoolfor  Social  Research,  1959,  Psychology, 
Member  APA,  EPA 

HENDERSON,  DAGMY,  Systems  Analyst,  MA,  Syracuse  University,  1956,  Psychology; 
A-AAA,  EPA,  DCPA 

HILl-IGOSS,  RICHARD  E.,  Research  Psychologist;  MA,  George  Washington  University, 
I960,  Psychological  Measurement,  Member  APA,  Psi  Chi 

HOUSTON,  THOMAS  J.,  Research  Psychologist  (General),  MS,  Howard  University,  1947, 
Psychology 
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JOHNSON,  CECIL  D.,  Chief,  Statistical  Research  and  Analysis  Laboratory.  MA,  George 
Washington  University,  1951,  Psychology,  Member  APA,  Psi  Chi,  Psychometric  Society 

KAGERER,  RUDOLPH  L.,  Research  Psychologist  MA,  Purdue  University,  1958,  Psychology, 
S.gma  Xi 

KAPLAN,  HARRY.  Research  Psychologist  (PMandE).  MA,  George  Washington  University, 
1952,  Psychology;  Member  APA,  EPA,  DCPA,  AAAS,  Psychometric  Society 

KATZ,  AARON,  Research  Psychologist,  MS,  City  College,  New  York,  1947,  Psychology; 
Member  APA,  EPA 

KLIEGER,  WALTER  A.,  Chief,  Machine  Statistical  Analysis  Unit,  MA,  George  Wai  .mgton 
University,  1952,  Psychology;  Member  APA,  EPA,  DCPA 

KOTULA,  LEO  J.,  Research  Psychologist  (PMandE),  Phd,  University  of  Pittsburgh,  1951, 
Psychology,  Member  APA,  Sigma  Xi,  Pittsburgh  Psych.  Assoc. 

MARTINEK,  HAROLD,  Research  Psychologist  (General),  MS,  Iowa  State  College,  1954, 
Psychology;  Mjmber  APA 

MEDLAND,  FRANCIS  F.,  Task  Leader;  MA,  University  of  Chicago,  1948,  Psychometrics; 
Member  APA,  Sigma  3^ 

MORTON,  MARY  A.,  Research  Psychologist;  MA,  Howard  University,  1953  .  Education;  MS, 
Howard  University,  1934,  Psychology,  Member  APA,  DCPA 

ORLANS,  JEROME  L.,  Research  Psychologist;  MA,  Teachers  College,  Columbia  University, 
1950,  Psychology  (all  work  toward  PhD  completed  except  dissertation  -  George  Washington 
University),  Guidance;  Member  APA,  DCPA,  EPA 

OLSON,  MARJORIE  A,,  Research  Psychologist,  Phd,  University  of  Minnesota,  1949,  Psy¬ 
chology;  Member  APA 

ORLEANS,  ISSAK  D.,  Research  Psychologist,  MA,  City  College,  New  York,  1940,  Education 
(course  requirements  for  PhD  completed.  Teachers  College,  Columbia  University,  Social 
Psychology);  Member  APA,  Society  for  Study  of  Social  Issues,  American  Society  for 
Quality  Control 

RINGEL,  SEYMOUR,  Task  Leader,  MA,  Brooklyn  College,  1952,  Psychology,  Member  APA, 
SEPA,  DCPA 

ROOT,  ROBERT  T.,  Research  Psychologist,  PhD,  Umversity  of  Maryland,  1962,  Psy¬ 
chology;  Member  APA,  Psi  Chi 

SACHS,  SIDNEY  A.,  SandE  Mathematical  Statistician,  MA,  University  of  Illinois,  1960, 
Statistics;  American  Inst.  Industrial  Engineers 

SaDACCA,  ROBERT,  Task  Leader,  PhD,  Princeton  University,  1962,  Psychometrics; 
Psychometric  Society,  Human  Factors  Society,  Americal  Photogrammetry  Society 

SARGENT,  BRYAN  B.,  Research  Psychologist  (PMandE);  BIE,  Georgia  Institute  of  Technology, 
1956,  General  Psychology  (all  work  toward  PhD  completed,  presently  writmg  disserta¬ 
tion,  University  of  Tennessee);  American  Inst.  IndustrialEngineers;  AAPA,  Psychometric 
Society 

SCilWARTZ,  ALFRED  L,  Operations  Research  Analyst,  MS,  University  of  Chicago,  ivab. 
Geography;  American  Assoc,  of  Geographers,  Americ'^n  Society  of  Photogrammetry 

SEELEY,  LEONARD  C.,  Research  Psychologist;  MA,  American  University,  1958,  Psy¬ 
chology  Member  APA 

SIEGMANN,  PHILIP  J.,  Research  Psychologist,  PnD,  Ohio  State  University,  1955,  Psy¬ 
chology;  Member  APA,  Photogrammetry  Society 

SKORDAHL,  DONALD  M.,  Research  Psychologist,  MA.  University  of  Minnesota,  1958, 
Psychology 
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STERNBERG,  JACK  J..  Task  l<eader;  MA,  Syracuse  University,  1950,  Psychology  and 
Statistics;  Psi  Chi 

STICHMAN,  EUGENE  P.,  Research  Psychologist,  AB,  Dartmouth  College,  1957,  Psychology, 
AAAS 

STUBBS,  JOEL  R.,  Analytical  Statistician.  MS,  Purdue  University,  1958,  Industrial  Psy- 
cl  ology;  MPA 

THOMAS,  JAMES  A.,  Research  Psychologist,  MA,  Ohio  State  University,  1949,  Psychology, 
AAPA,  Psychometric  Society 

TIEDEMANN,  JOHN  G,,  Research  Psychologist  (General),  PhD,  American  University,  1961, 
Psychology,  Member  APA,  Psi  Chi 

TRACEY,  ERNEST  A.,  Research  Psychologist;  MA,  American  University,  1962,  Psychology, 
Society  Study  Social  Issues 

UHLANER,  JULIUS  E.,  Director,  Research  Laboratories,  PhD,  New  York  University,  1947, 
Psychology;  DCPA,  Fellow  aPa,  EPA,  SEPA,  Society  for  Adv.  of  Mgt.,  Society  for  Pers. 
Admin.,  Psychometric  Society,  Iowa  Acad,  of  Science,  AF-NRC  Vision  Com.,  NRC- 
Highway  P.sch.  Bd..  RDB  Panels  and  Committees 

VICINO,  FRANK  L,,  Research  Psychologist;  MS,  University  of  Maryland,  1962,  Psychology, 
Psi  Chi 

WATERS,  CARRIE  J,  Research  Psychologist;  PhD,  Ohio  State  University,  1959,  Psychology; 
Member  APA 

WATERS,  Lawrence  K,,  Research  Psychologist;  PhD,  Ohio  State  University,  1958  Psy¬ 
chology;  Member  APA,  Psychometric  Society 

WEINBERG,  SOLOMON  A.,  Research  Psychologist;  PhD,  Ohio  State  University,  1953,  Edu¬ 
cational  Psychology:  Member  APA,  DCPA 

WILLEMIN,  LOUIS  P.  JR.,  Task  Leader;  MPA,  University  of  Pennsylvania,  1955,  Statistics, 
Psychometric  Society 

WISKOFF,  MARTIN  F.,  Research  Psychologist;  MA,  University  of  Maryland,  1958;  In¬ 
dustrial  Psychology,  AAPA,  EPA,  DCPA,  Psi  Chi 

ZEIDNER,  JOSEPH,  Chief,  Research  Laboratory,  PhD,  Catholic  University  of  America, 
1954,  Psychology;  Member  APA,  DCPA,  NRC-Bio- Astronautics  Committee 
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13.  HUMANRESOURCESRESEARCHOFFICE,'nieGeo-geWd8hington  University,  Washington, 

D.  C. 


A,  CURRENT  WORK  PROGRAM** 

The  HumRRO  W'ork  Program  is  concerned  with  human  factors  research  in  training, 
motr.  jtion,  morale,  leadership,  and  man-weapons  system  analysis.  Research  aimed  at 
solving  practical  military  problems  js  carried  on  by  six  research  groups:  the  Training 
Methods*  Division  in  Washington  and  the  Armor.  Leadership,  Infantry,  Air  Defense,  and 
Aviaiion  Human  Research  Units,  located  at  military  installations  across  the  country.  There 
IS  also  a  staff  in  Washington  D.  C.  which  is  engaged  in  a  pr-'ject  in  thr- area  of  Special 
Warfare.  In  addition,  the  HumRRO  basic  research  progrr  i  is  being  monitored  in  the 
Director’s  Office  Each  research  group  provides  a  Ttchni  Advisory  Service  to  assist 
the  Army  in  planning  implementation  of  research  results  and  meet  other  Army  requests. 
Exploratory  Studies  aimed  at  identifying  human  factors  problems  likely  to  arise  in  future 
military  operations  are  also  being  conducted  oy  the  research  groups. 

Followng  IS  the  list  of  Tasks,  and  Task  objectives,  grouped  by  functional  areas,  for 
Fiscal  Year  1963* 


Functional  Area  !•  Equipment  Maintenance 

JOBTRAIN  -  Development  of  an  Integrated  Training  and  On-the-Job  Support  System  for 
Electronics  Repairman  Personnel 

Obiective:  To  develop  an  integrated  training  and  on-the-job  support  system  for  bigna. 

Corps  electronics  repairmen  in  their  first  enlistmeiit, 

FORECAST  -  Development  of  a  Method  of  forecasting  Training  Demands  Imposed  by 
New  Electronic  Weapon  Systems 

Objective:  To  develop  improved  methods  for  forecasting  the  content^ of  effective  and 

economical  traimng  programs  fer  the  operation  and  maintenance  of  new  electroric 
weapon  systems. 

MAINTRAIN  -  Maintenance  Proliciency  and  Its  Relation  to  Trainging  Procedures  for  Guided 
Missile  Personnel  .  . 

Objective  To  provide  a  basis  for  the  improvement  of  maintenance  training  of  air 
defense  'guided  missile  personnel  by  development  of  general  and  comprehensive  prin- 
for  the  guidance  of  such  training. 


VE-TRAIN  -  Methods  for  Improving  Training  for  Automotive  Maintenance 

Objective*  To  develop  a  new  course  for  the  training  of  vehicle  mechanics,  and  to  pre- 
parc  generalized  guidance  for  improving  training  in  other  automotive  maintenance 
courses. 


Functional  Area  2;  Equipment  Operation 


LIFT  -  Army  Aviation  Helicopter  Pilot  Traimng 

Oojeetive  To  develop  more  efficient  and  more  effective  training  methods  for  Army 
neiicopter  pilot  training. 


INTACT  -  Integrated  Contact/Instrument  Traimng 

Objective  To  improve  Army  flight  trainuig  through  the  application  of  the  integrated 
contact^nstrument  training  concept.  Specific  research  goals  include  (1)  developing 
relatively  objective,  analytic,  fixed  wing  flight  proficiency  measures,  and  (2)  develop¬ 
ing  and  evaluating  a  fixed  wing,  integrated  contact/instrument  training  concept. 


•A  copy  of  the  ccavlete  Vbik  Piogran  for  FY  19&3  is  owdld^e  m  request  to  the  Director,  Huacr  Resources  ResecB*  Office. 
Post  Office  Box  3596,  Wc^gton  7.  D.  C 


■**.  ■'  ;■  -  ;-V. 
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LOWENTRY  -  Methods  for  Improving  Navigation  Training  Sor  Low  Level  Flight 

Objective.  To  improve  navigation  techniques  for  low  level  flight  and  to  develop  training 
methbds'to  teach  these  skills  to  aviator  personneL 

HELFIRE  -  Methods  for  Improving  Aerial  Gunnery  From  the  Helicopter 

Object. ve  To  develop  instructional  techniques  for  improving  performance  In  aerial 
gunnery  from  the  armed  helicopter. 

VIGIL  -  Methods  and  Techniques  for  Improving  Performance  of  Ai»  Defense  Missile  Oper¬ 
ator  Personnel 

Objective.  ^o  develop  a  basis  for  improvements  in  (1)  procedures  for  performing  air 
defense  missile  operator  jobs,  (2)  methods  and  courses  of  training  for  these  d  ^les, 
and  (3)  tests  of  job  proficiency  and  knowledge. 

ARGUS  •  Analysis  of  Nuclear  Safety  Requirements 

Objective;  To  provide  an  objective  basis  for  evaluation  of  current  nuclear  safety  re- 
quirements  and  procedures  and  to  improve  operational,  inspection,  and  selection  tech¬ 
niques  where  required. 

Functional  Area  3:  Individual  Combat  Skills 

RIFLEMAN  -  Improvement  of  the  Combat  Proficiency  of  the  Light  Weapons  Infantryman 
Objective:  To  improve  the  combat  proficiency  of  the  light  weapons  infantryman  by  con¬ 
ducting  research  in  the  area  of  Advanced  Individual  Training  (AIT)  for  this  soldier. 

SWINCSHIFT  •  Techniques  and  Training  Methods  for  Improving  Individual  and  Squad  In¬ 
fantry  Performance  in  Operations  During  Limited  Visibility 

Objective.  To  increase  the  individual  soldier's  effectiv’eness  in  infantry  operations 
during  limited  visibility  by  development  of  improved  operating  techniques  and  training 
meth^s. 

OBSERVE  -  Improved  Methods  for  Training  Aenal  Surveillance  Personnel 

Objective.  To  develop  improved  methods  for  training  aerial  observers.  The  research 
will'  (i)~  determine  the  requirements  to  be  placed  on  aerial  observers  under  modern 
tactical  concepts,  (2)  determine  the  critical  studs  prerequisite  to  meeting  these  re¬ 
quirements  and  develop  the  means  for  measuring  these  skills,  and  (3)  develop  and 
evaluate  improved  methods  for  training  aerial  observers. 

RECON  -  Training  Methods  and  Techniques  for  Improving  Combat  Peadmess  of  the  Armored 

Cavalry  Platoon 

Objective  To  develop  training  program  guidance,  instructional  aids,  and  techniques 
to  improve  the  over-all  proficiency  of  the  Armored  Cavalry  Platoon. 

Functional  Area  4:  Team  Combat  Skills 


TRAINCREW  •  Methods  for  Improving  Tank  Crew  Performance 

Object*"e:  To  provide  Armor  with  improved  techniques  for  tank  crew  training  by  the 

evaluation  of  the  present  system  and  the  development  of  improved  methods. 

RAID  -  Methods  for  Improving  the  Effectiveness  of  Small  Groups  Under  Stress 

Objective:  To  develop  and  test  principles  of  group  structure  and  operation,  inorder 

to  provide  guides  for  improving  the  effectiveness  of  small  groups  operating  under 
stressful  (decrement-producing)  conditions. 

UNTFECT  -  Development  of  Procedures  fer  Increasing  the  Effectiveness  of  Small  Infantry. 

Type  Units 

Objective;  To  study  training  procedures  utilizing  task- related  experiences  to  increase 
group  esprit  and  improve  team  functioning  of  small  infantry-type  units. 

Functional  Area  S  Leadeiship 

NCO  -  Training  of  Potential  Noncommissioned  OfHcers 

Objective;  To  improve  the  caliber  of  noncon>missioned  officer  perfoi*mance  In  the 
Army  through  curricula  and  techniques  designed  to  develop  noncommissioned  officers 
as  early  as  possible  in  their  Army  careers. 


-"I 
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OFFTRAIN  •  Studies  m  Leadership  and  Leadership  Training 

Objective.  To  improve  leadership  training  by  the  development  of  training  procedures 
and  materials  based  on  study  of  the  leadership  process  in  platoon-sized  units, 

LEAD  -  Development  of  Training  for  Improving  the  Combat  Skills  of  Leaders  m  Small 

Infantry  Units 

Objective;  To  improve  officer  training  in  the  critical  skills  required  for  effective 
combat  leadership  in  small  infantry  units. 

Functional  Area  6;  Decisior  Making 

SPANOCON  -  Human  Factors  Influencing  Span  of  Control  Within  Military  Orgamr'tions 
Objective:  To  explore  factors  related  to  improved  methods  for  training  platoon  and 

higher  unit  commariders  to  control  their  units  under  present  and  future  roncepts  of 
military  organisation. 

RESOLVE  -  Development  of  War  Game  Training  Procedures 

Objective.  To  develop  methods  and  techniques  for  constructing  and  conducting  training 
war  games  to  simulate  the  decision-making  environment  of  field  grade  officers  during 
battle. 

SAMOFF  -  Analysis  of  Job  and  Tralnmg  Requirements  for  Air  Defense  Missile  Officers 
Objective;  To  analyze  the  duties  performed  by  Air  Defense  missile  officers  and  to 
unprove” school  courses  and  --the-job  training  given  these  officers. 

COMSTAFF  -  Officer  Performance  in  Air  Defense  Systems 

Objective:  To  increase  the  effe  'veness  of  Army  officer  performance  in  the  opera- 

tion.  maintenance,  and  dcvelopmen'  of  air  defense  systems. 

PIONEER  •  Decision  Making  (Basic  Research) 

Objective.  Two  Sobtasks  will  be  conducted  in  this  area  directed  toward  (1)  developing 
a  model  of  decision  making,  and  (2)  determining  the  role,  in  individual  problem  solving, 
of  situational  and  motivational  variables  on  the  development  of  ideas  and  the  treatment 
of  problem  contingencies. 

Fimctional  Area  7?  Motivation  and  Stress 

FIGHTER  -  Factors  Related  to  Effectiveness  and  Ineffectiveness  of  Individuals  in  Combat 
Objective  To  develop  a  systematic  understanding  of  stress  asa  factor  in  human  perform¬ 
ance,  with  the  long-range  objective  of  application  of  results  to  improving  combat  effec¬ 
tiveness. 

QUIZ  -  Psychological  Techniques  for  Facilitating  and  Countering  Interrogative  Processes 
Objective.  To  add  to  the  practical  knowledge  of  techniques  of  interrogation  and  ex- 
ploitation  of  the  individual,  and  of  the  means  of  counteracting  these  techniques,  by 
discovering  psychological  principles  and  methods  of  manipulatmg  behavior. 

PIONEER  -  Motivation  and  Stress  (Basic  Research) 

Objective:  To  study  the  fundamental  aspects  of  social  isolation  and  sensory  depriva¬ 

tion  and  their  effects  on  performance. 


Functional  Area  8;  Remote  Area  Operations  and  Language 

SPECI/\L  -  Training  in  Special  Warfare,  Counter-Insurgency  and  Related  Missions 

^5j.?ctive.  lo  increase  the  capabilities  of  Army  personnel  to  perform  Special  Warfare, 
<*«i.j.;er-in8urgency  and  related  unconventional  missions  through  improved  traimng 
and  operational  procedures. 

CONTACT  -  Feasibility  of  Training  for  Faster  Acquisition  of  Perishable  Tactical  Informa¬ 
tion  From  Non-Eng?ish-Speaking  Prisonei  s  of  War. 

Objective  To  develop  methods  for  training  troops  in  the  acquisition  of  highly  perishable 
tactical  information  from  non-English- speaking  prisoners  in  the  combat  zone.  A  course 
based  on  such  methods  would  be  intended  for  selected  combat  personnel  whose  work 
would  complement  rather  than  substitute  for  the  efforts  of  the  experienced  and  highly 
trained  linguist-interrogator. 
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74  A  Survey  of  Problems  >n  the  Tactical  Trat^^ng  of  Armor  Units  (U),  by  Robert 
A.  ^aker*  December  iWl  ’TC^'NF iOENTlAEi  Modified  Handling  Authorized 
(Task  UNIT  I). 

75  Survey  of  Operational  Flying  Activities  of  Ro.ary  W mg  Aviators,  by  Norman  W. 
Hcimstra^kicholas  U.  Ixmis,  an3  RaJI  ArnoIS^ R.  Young,  April  1962  (Task 
LIFT  nn. 

76  Survey  of  Oyerational  Flying  Activities  of  Fixed  Wing  Aviators,  by  Norman  W. 
heimstra,  Nicholas  B.  Louis,  and  Maj.  Arnold  k7  Yourg,  April  1962  (Task 
LIFT  m). 

77  Improving  Flight  Proficiency  Evaluation  in  Army  Helicopter  Pilot  Training,  by 
Ueorge  1>.  CJreer,  Jr.,  Wayne^.  Smith,  and  Capt.  Jimmy  L.  Hatfield,  ^^ay  1962 
(Task  LIFT  II). 

73  An  Evaluation  of  Flash  Localization  Performance  ^  ith  the  Fire  Control  System 
of  the  M48  Tank.  by~  Alfr^~  J.  kFaemer.  June  1962  (Task  ARMORNlXg^). 

79  An  Attempt  to  Develop  a  Radar  Operator  Screening  Test.  A  Report  of  Simulator 
In^a^ility,  by  Robert  P^BaldwmandA.DeanWricht,  June  1962  (Task  VIGIL  II). 


Research  Reports 


Report 

No. 


8  A  Survey  and  Analysis  of  Vigilance  Research,  by  Bruce  O,  Bergum  and  I. 
Charles  kiein.  November  196T(TasirviGIiriV).  ' 

9  Development  and  Evaluation  of  Methods  of  Training  for  the  Rapid  Acquisition 
of  l^guage  Skills,  by  £aeene  H.  Rocklvn.  Richard  I.  MoWn.  and  Andre 
ZuioviefCXanuary  r962  (Task  CONTACT  1). 

Research  Bulletin 

8  WItat  HumRRO  is  Doing.  September  1962 
Training  Manuals 

A  Procedural  Guide  for  Technical  Implementation  of  the  FORECAST  Methods 
of  Task  and  Skill  Analysis^^y  Edgar  L.  Shriver,  C.  Dennis  Fiak»  antT^be^ 
C7^'rejUer,  Training  Me^iTOS  Division,  HumRRO,  July  1961  (Task  FORECAST 
n-IH). 


Research  Memoranda 

On-Site  Training  of  Guided  Missile  Operators;  Evaluation  Material^  by  Myron 
Woolman,  Traix^g  Methods  Division,  HumkRO,  (October  i960  (Task  L6cK>ON  1). 
Identification  of  Stationary  Human  Targets,  by  John  E.  Taylor,  U.S.  Army 
InfantriT Human  Research  unit,  r  ort  ueraing,  Georgia,  December  I960  (Task 
MOONUOIT  I). 

A  Provisional  Core  Curriculum  for  Infantry  Night  Operations  Training:  Con- 
ceirtualization  ^nd  ^oposed  Content,  by  Gilbert  L.  l^al,  U.S.  Army  Infantry 
Human  Research  Unit,  Fort  Banning,  Georgia,  December  I960  (Task  SWING* 
SHIFT  I). 
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74  A  Survey  of  Problems  >n  the  Tactical  Trat^^ng  of  Armor  Units  (U),  by  Robert 
A.  ^aker*  December  iWl  ’TC^'NF iOENTlAEi  Modified  Handling  Authorized 
(Task  UNIT  I). 

75  Survey  of  Operational  Flying  Activities  of  Ro.ary  W mg  Aviators,  by  Norman  W. 
Hcimstra^kicholas  U.  Ixmis,  an3  RaJI  ArnoIS^ R.  Young,  April  1962  (Task 
LIFT  nn. 

76  Survey  of  Oyerational  Flying  Activities  of  Fixed  Wing  Aviators,  by  Norman  W. 
heimstra,  Nicholas  B.  Louis,  and  Maj.  Arnold  k7  Yourg,  April  1962  (Task 
LIFT  m). 

77  Improving  Flight  Proficiency  Evaluation  in  Army  Helicopter  Pilot  Training,  by 
Ueorge  1>.  CJreer,  Jr.,  Wayne^.  Smith,  and  Capt.  Jimmy  L.  Hatfield,  ^^ay  1962 
(Task  LIFT  II). 

73  An  Evaluation  of  Flash  Localization  Performance  ^  ith  the  Fire  Control  System 
of  the  M48  Tank.  by~  Alfr^~  J.  kFaemer.  June  1962  (Task  ARMORNlXg^). 

79  An  Attempt  to  Develop  a  Radar  Operator  Screening  Test.  A  Report  of  Simulator 
In^a^ility,  by  Robert  P^BaldwmandA.DeanWricht,  June  1962  (Task  VIGIL  II). 


Research  Reports 


Report 

No. 


8  A  Survey  and  Analysis  of  Vigilance  Research,  by  Bruce  O,  Bergum  and  I. 
Charles  kiein.  November  196T(TasirviGIiriV).  ' 

9  Development  and  Evaluation  of  Methods  of  Training  for  the  Rapid  Acquisition 
of  l^guage  Skills,  by  £aeene  H.  Rocklvn.  Richard  I.  MoWn.  and  Andre 
ZuioviefCXanuary  r962  (Task  CONTACT  1). 

Research  Bulletin 

8  WItat  HumRRO  is  Doing.  September  1962 
Training  Manuals 

A  Procedural  Guide  for  Technical  Implementation  of  the  FORECAST  Methods 
of  Task  and  Skill  Analysis^^y  Edgar  L.  Shriver,  C.  Dennis  Fiak»  antT^be^ 
C7^'rejUer,  Training  Me^iTOS  Division,  HumRRO,  July  1961  (Task  FORECAST 
n-IH). 


Research  Memoranda 

On-Site  Training  of  Guided  Missile  Operators;  Evaluation  Material^  by  Myron 
Woolman,  Traix^g  Methods  Division,  HumkRO,  (October  i960  (Task  L6cK>ON  1). 
Identification  of  Stationary  Human  Targets,  by  John  E.  Taylor,  U.S.  Army 
InfantriT Human  Research  unit,  r  ort  ueraing,  Georgia,  December  I960  (Task 
MOONUOIT  I). 

A  Provisional  Core  Curriculum  for  Infantry  Night  Operations  Training:  Con- 
ceirtualization  ^nd  ^oposed  Content,  by  Gilbert  L.  l^al,  U.S.  Army  Infantry 
Human  Research  Unit,  Fort  Banning,  Georgia,  December  I960  (Task  SWING* 
SHIFT  I). 


327 


t 

•V- 


Eliects  oi  Tr^imng  Response  Mode,  Test  Forn^,  and  Measv 


of  Setni-Ordered  Factual  Materials,  by  Joseph  F.  FoUettie,  U.S,  Army  Infantry 
Human  Research  Unit,  Fort  Denning,  Georgia,  Anril  1961  (Tash  BASJCTRAIN  II). 

An  Appraisal  of  Some  Night  Training  Problems  in  Armor  Units  of  Seventh 
United  States  Army  (U).  by  Alfred  J.  Kraemer,  U.S,  Army  Armor  Human 
Research  Unit,  Fort  Knox.  Kentucky,  May  1961  (CONFIDENTIAL)  (Task 
ARMORNXTE  Vl!>. 

Programmed  Instruction  A  Plan  of  Research,  by  Thomas  J.  McCrystal, 
U.S.  Army  Infantry  Human  Research  Unit,  Fort  Denning,  Georgia,  May  1961 
(Task  BASICTRAIN  II). 

The  Development  of  Performance  Criteria  for  Turret  Mechnies.  by  Jack 
Muniford  and  John  P.  Smith,  U.S.  Army  Armor  Human  Research  Unit,  Fort 
Knox.  Kentucky.  July  1961  (Task  MOBILITY  X). 

Absolute  Identifi4.ation  of  Munsell  Hues  Under  Red  Illumination,  by  Kleim  R. 
Miller,  U.S.  Army  Armor  Human  Research  Unit,  Fort  Knox,  Kentucky,  July  1961 
(Task  ARMORNITE  IX). 

SPANOCON  Span  of  Control.  2.  Effect  on  Reliability  of  Free  and  Forced  Dis¬ 


tributions  in  Ratint[.  by  Dennis  Cannon  and  Howard  C.  Olson.  U.S.  Army  Armor 
Human  Research  Unit,  Fort  Knox,  Kentucky,  August  1961  (Task  SPANOCON  II). 

Teaching  Machines  and  Programmed  Instruction  -  Some  Factors  to  C 


Implementation,  by  Robert  G.  Smith,  Jr.,  U.S.  Army  Air  Defense  Human 
Research  Umt,  Fort  Bliss.  Texas,  August  1961  (Task  TEXTRUCT  11). 

An  Analysis  of  the  REDEYE  System  With  Some  Suggestions  for  Tralnmg 


_ _  mund  B.  Sebree,  USA  Ret.. 

Army  Leadership  Human  Research  Unit,  Presidio  of  Momerey,  California,  De« 
cember  1961  (For  Official  Use  Only)  (Non* Task  Related). 

Collected  Papers  Related  to  the  Study  of  the  Effects  of  Sensory  Deprivation  and 

my  Leadership  Huma 
uary  1962  (Task  PIOl 
VI). 


Experimental  Assessment  of  a  Limited  Sensory  and  Social  Environment; 


Summary  Results  of  the  HumRRQ  Program,  by  Thomas  I.  Myers,  Donald  B. 
Murphy,  Seward  Smith,  'OKarles  Windle,  U.S.  Army  Leadership  Human 
Research  Umt,  Presidio  of  Monterey,  California,  February  1962  (Task  PIONEER 
VI). 


Target  Detectability  on  nn  A-Scope  as  Influenced  by  Vertical  and  Horisontal 


Air  Defense  Hunian  Research  Ur.t,  Fort  Shss,  Texas,  March  1962  (Ta^k 
VIGIL  IV). 

A  Procedural  <^i<>e  to  the  Programifting  of  Instruction.  Preliminary  Report, 
fey  William  H,  Mr.lchmg,  (J.5.  Army  Air  I)efease  Human  Research  Unit,  Fort 
Bliss,  Texas,  March  1962  {Task  TEXTRUCT  11). 

Exploratory  Efforts  Concerned  With  a  S^dy  of  the  Interrogation  Process 
Survey  Activities,  Conceptualisation  and  !Pilot  Studies,  by  Hilton  M.  Bialek, 
Jerald  N  Walker,  and  Joanne  H.  Hood,  U.S.  Army  Leaderrhip  Human  Research 
Unit,  Presidio  of  Monterey,  California,  May  1962  (TaskQJIZ). 

SPANOCON  Span  ofControl.  1.  Development  of  a  Knowledge-Free  Span  of  Con¬ 
trol  Test,  by  Alfred  A,  Longano,  L.  Dennii  Cannon,  and  Howard  C.  Olson,  U.S. 
Army  Armor  Human  Research  Unit,  Fort  Knox,  Kentucky,  May  1962  (Task 
SPANOCON  !). 

The  Relation  Between  Radar  Detection  and  the  Observer’s  Concept  of  a  Target, 
by  Robert  D.  Baldwin,  A.  DMn  Wright  and  Donald  J.  Lehr,  U.S.  Army  Air 
Defense  Human  Research  Unit,  Fort  Bliss,  Texas,  June  1962  (Task  VIGIL  II). 


2.  Papers  and  Articles  by  HumRRO  Personnel 

Baker,  Robert  A.,  '*The  Armor  Combat  Decisions  Came,**  Armor,  vol.  LXXI,  no.  1, 
January-February  1962  (U.  S.  Army  Armor  Human  Research  Unit). 

Baker,  Robert  A.,  and  Cook,  Lt.  CoL  John  G.,  US.\  Ret.,  "The  Tank  Platoon  Combat 
Readiness  Check,**  Armor,  vol.  LXXI,  no.  3,  May-June  1962  (U,  S.  Army  Armor 
Human  Research  Unit). 

Baker,  Robert  A.,  Sipowicz,  Raymond  R.,  and  Ware,  J.  Roger,  "Effects  of  Practice 
on  Visual  Monitoring,**  Percept.  Mot.  Skills,  vol,  XIII,  no.  3,  December  1961 
(U.  S.  Army  Armor  Human  Research  Unit). 

Baker,  Robert  A.,  Ware,  J.  Roger,  and  Sipowicz,  Raymond  R.,  '’Signal  Detection  by 
Multiple  Monitors,**  Psychol.  Rec..  vol.  12,  no.  2,  April  1962  (U.  S.  Army  Armor 
Human  Research  Unit). 

Baldwin,  Robert  D.,  Chambliss,  Davis  J.,  and  Wright,  A.  Dean,  "Target  Detectability 
as  a  Function  of  Target  Speed,  Noise  Level,  and  Location,*’  J,  Appl.  PsychoL. 
vol.  46,  no.  1,  February  1962  (U.  S.  Army  Air  Defense  Human  Research  Unit). 

Battrick,  William  T.,  "Shop  Talk  and  Technical  Writing,"  STWP  Review,  vol.  8, 
no.  1,  January  1961  (U.  S.  Army  Armor  Human  Research  Unit). 

Berkun,  Mitchell  M.,  “Blood  and  Urinary  Responses  of  Man  to  an  Ordered  Series  of 
Realistically  Stressful  Situations,"  paper  read  at  Symposium,  Psychonomic  Society 
meeting,  Columbia  Umversity,  September  1961  (U,  S.  Army  Leadership  Human  Re¬ 
search  Unit). 

Bialek,  H.,  "Contrasts  Between  More  Effective  and  Less  Effective  Persons,"  paper 
read  at  Symposium,  Psychonomic  Society  meeting,  Columbia  Univer  ^y,  September 
1961  (U.  S.  Army  L^dership  Human  Research  Unit). 

Cannon,  Denms,  and  Olson,  Howard  C.,  "SPANOCON:  Span  of  Control.  2.  Effect  on 
Reliability  of  Free  and  Forced  Distributions  in  RatLig,"  paper  read  at  APA  meeting, 

1961  (U,  S.  Army  Armor  Human  Research  Unit). 

Coleman,  Edmund  B.,  "Responses  to  Transformations:  Remembering  and  Under¬ 
standing,**  paper  read  at  meetmg  of  the  Linguistic  Society  of  America,  Chicago, 
December  1961  (U.  S.  Army  Air  Defense  Human  Research  Unit). 

Crawford,  Meredith  P.,  "Concepts  of  Training,"  in  Psychological  Principles  in  Sys¬ 
tem  Development,  Robert  M,  Gagne  (ed.).  Holt,  Rinehart,  and  Winston,  New  York, 

1962  (Director's  Office,  HumRRO). 
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Easley.  David  L..  and  Kraemer.  Alfred  J.,  "Gun  Flash  Localization  as  a  Function  of 
Reticle  Design,'  paper  read  at  APA  meeting.  1961  (U.  S.  Army  Armor  Human 
Research  Unit). 

Cliasson.  Lt.  Col.  Arne  H..  **Let's  Take  a  Look  at  duality  Control  in  Helicopter 
Training,"  Army  Aviation,  vol.  10,  no.  7,  July  1961  (U.  S.  Army  Aviation  Human 
Research  Unit). 

Eliasson,  Lt.  Col.  Arne  H.,  "Let’s  Take  a  Look  at  New  Project:  Task  LOWENTRY," 
Army  Aviation,  vol.  10,  no.  8,  August  I96l  (U,  S.  Army  Aviation  Human  Research 
Unit). 

Eliasson,  Lt.  CoL  Arne  H.,  "Let’s  Take  a  Look  at  the  Basic  Skills  of  Aerial  Ob¬ 
servers,"  Army  Aviation,  vol.  10,  no.  11,  November  1961  (U.  S.  Army  Aviation 
Humdin  Research  Unit). 

Eliasson,  Lt.  Col  Arne  H.,  "Let’s  Take  a  Look  at  Aviation  Training  Research," 
Army  Aviation,  vol.  10,  no.  12,  December  1961  (U,  S.  Army  Aviation  Human  Re- 
sc^ch  Unity. 

Finan,  John  L.,  "The  Systems  Concept  as  a  Principle  of  Methodological  Decision," 
in  Psychological  Principles  in  System  Development.  Robert  M.  Gagne  (ed.).  Holt, 
Rinehart,  and  Winston,  New  York,  1962  (Director's  Office,  HumRRO). 

Floyd.  Arthur,  Jr.,  Griggs,  Cary  D.,  and  Baker,  Robert  A.,  "The  Role  of  Expectancy 
in  Auditory  Vigilance,"  Percept.  Mot.  Skills,  vol.  XUl,  no.  2,  October  1961  (U.  S. 
Army  Armor  Human  Research  Unit). 

Haverland,  Edgar  M.,  "Officer  Training  Research  and  Its  Implications  for  Executive 
Training,"  paper  read  at  Symposium  on  the  Implications  of  Military  Trainmg 
Research  for  Industry,  APA  meeting.  1961  (U.  S.  Army  Air  Defense  Human  Re¬ 
search  Unit). 

Haverland.  Edgar  M..  "The  Subject-Matter  Expert  and  the  Programmer,"  paper  read 
at  Texas  Psychological  Association  meeting,  December  1961  (U.  S.  Army  Atr 
Defense  Human  Research  Unit). 

Haverland,  Edgar  M.,  "How  Much  Technical  Knowledge  Doesa  Military  Officer  Need^" 
paper  read  at  SWPA  meeting.  1962  (U.  S.  Army  Air  Defence  Human  Research 
Umt). 

Hood.  Paul  D.,  "The  Design  for  a  Parametric  Study  of  a  Leadership  Training  System," 
paper  read  at  APA  meeting,  1961  (U.  S.  Army  Leadership  Human  Research  Unit). 

Kelly,  Col,  Henry  E,,  USA  Ret.,  "What’s  Wrong  With  the  Squat?"  Army.  voL  12, 
no.  1,  August  196i  (U.  S.  Army  Infantry  Human  Research  Unit). 

Kelly,  Col.  Henry  E.,  USA  Ret.,  "Defending  Those  Wide  Gaps,"  Army,  voL  12,  no.  2, 
September  1961  (U.  S.  Army  Infantry  Huaman  Research  Unit). 

Kelly,  CoL  Henry  E.,  USA  Ret.,  "Assembly  Areas,"  Army,  vol.  12,  no.  4,  November 
196 1  (U.  S.  Army  Infantry  Human  Research  Unit). 

Kelly,  Col.  Henry  E.,  USA  Ret.,  "When  It’s  Dark  in  the  Daytime,"  Army,  voL  12, 
no.  6,  January  1962  (U.  S.  Army  Infantry  Human  Research  Unit). 

Kelly,  Col.  Henry  E.,  USA  Ret.,  "The  M14  Automatic^"  ^yit^,  voL  52,  no.  1, 
January-February  1962  (U.  S.  Army  Infantry  Human  Research  Omt). 

Kelly,  CoL  Henry  E,,  USA  Ret.,  "Why  Prone^"  Army,  vcL  12,  no.  8,  March  1962 
(U.  S.  Army  Inhuitry  Human  Research  Unit). 

Kem,  Richard  P.,  "An  Livestigation  of  the  Role  of  Defensive  Functioning  in  Relation 
to  Emotional  Arousal  and  Effectiveness  ofPerformance,"paperread  at  Symposium, 
Psychonomic  Society  meeting,  Columbia  University,  September  1961  (U.  S.  Army 
Leadership  Human  Research  Unit). 
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Kraemer,  Alfred  J.,  and  Easley*  David  L.,  "1  he  Effects  of  Two  Types  of  Coordinate 
Systems  on  Localization  of  Peripheral  Light  Flashes,"  paper  read  at  APA  meting, 
1961  (U.  S,  Army  Armor  Human  Research  Unit). 

Lange,  Carl  J.,  "Identifying  and  Measuring  Leadership  Characteristics  of  thc’Officer,’’ 
paper  .‘ead  at  Symposium  on  Recent  Developments  in  Measuring  Officer  Effective- 
ness,  APA  meeting,  1961  {U.  S,  Army  Infantry  Human  Research  Unit). 

Lange,  Carl  J.,  "Selected  Current  Research  in  Military  Psjchology,"  paper  read  at 
U.  S.  Military  Academy,  December  1961  (U.  S.  Army  Infantrv  Human  Research 
Unit). 

Lar.ge,  Carl  J.,  ‘‘LeadershipinSmallMilitary  Units  SomeRecent  Research  Findings," 
Defense  Psychol.,  1961  (U.  Army  Infantry  Human  Research  Unit). 

Lyons.  J.  Daniel,  ’‘Teaching  Machines  and  Programmed  Learning  ir  Use,"  paper 
read  at  meeting  of  Southern  Society  for  Philosophy  and  Psychcogy,  Memphis* 
April  1962  (U.  S.  Army  Aviation  Human  Research  Unit). 

McClelland,  William  A.,  "A  Procedure  for  Controlling  Army  School  Curricula," 
paper  read  at  meeting  of  Working  Croup  for  the  Army  School  System  Study,  HQ 
USCONARC,  January  1962  (Director  s  Office.  HumRRO). 

McClelland,  William  A.,  A  Reading  Guide  to  HumRRO  Documents  Relevant  to  a 
Generalized  Procedure  Tor  School  (l^umcula  Control,  January  1962  (Director's 
Office,  HumRRO). 

McFann,  Howard  H.,  "Summary  of  Research  of  Experimental  Studies  of  Stress  in 
Man."  NATO  Symposium  on  Defense  Psychology,  Soesterberg,  The  Netherlands, 
August  1961  (U.  S.  Army  Leadership  Human  Research  Unit). 

McFann.  Howard  H..  "Summary  of  Research  in  Sensory  Deprivation  and  Social  Isola¬ 
tion,"  paper  read  at  NATO  Symposium  on  Defense  Psychology,  Soesterberg,  The 
Netherlands.  August  1961  (U.  S.  Army  Leadership  Human  Research  Unit). 

Melching,  William  H.,  "Some  Research  Needs  inSelectingand  Training  Programmers," 
paper  read  at  Texas  Psychological  Association  meeting,  December  1961  (U.S.  Army 
Air  Defense  Human  Research  Umt). 

Mye,s,  Thomas  t,  Murphy,  Donald  B.,  Smith,  Seward,  and  Windle,  Charles,  "Ex¬ 
perimental  Assessment  of  a  Limited  Sensory  and  Social  Environment:  Summary 
Results  of  the  HumRRO  Program,"  Sumposium  presented  at  APA  meeting,  1961 
(U.  S.  Army  Leadership  Human  Research  Unit). 

Osanka,  Franklin  Mark,  "Guerrilla  War:  A  Paperback  Bibliography,"  Marine  Corps 
Gazette,  vol.  46,  no,  2,  February  1962  (Director's  Office,  HumRRO). 

Parrott,  Marvin,  "The  Heavens  and  the  Fields,*’  Revue  Militaire  Generale.  (France), 
no.  8,  October  1961  (U.  S.  Army  Armor  Human  Research  Unit). 

Rocklyn,  Eugene  H.,  "Language  Programming  for  the  Foreign  Student,"  paper  read 
at  convention  of  Speech  Association  of  America,  New  York,  December  1961  (Train¬ 
ing  Methods  Division). 

Rocklyn,  Eugene  H,,  "Programming  an  Intensive  Oral-Aural  Language  Course," 
paper  read  at  SEPA  meeting,  1962  (Training  Methods  Division), 

Rogers,  James  P,,  "The  Improvement  of  Trouble  Shooting  Proficiency  Through  Im¬ 
proved  Maintenance  Manuals,"  paper  read  at  APA  meeting,  1961  (U.  S,  Army 
Air  Defense  Human  Research  Umt). 

Rupe,  J.  C..  "Procedures  for  Obtaining  Human  Factors  Information  as  an  Integral 
Pa’-t  of  Weapon  System  Design  and  Development,"  paper  read  at  7th  Annual  AHFE 
Conference,  October  1961  (U.  S.  Army  Air  Defense  Human  Research  Unit). 

Shriver,  Edgar  L.,  ‘'Using  C  It  R  to  Translate  Logical  TS  Into  Practical  TS,"  paper 
read  at  Symposium,  APA  meeting,  1961  (Training  Methods  Division). 
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Sipowicx,  Raymond  R.,  and  Baker,  Robert  A.,  “Effects  of  Intelligence  on  Vigilance. 
A  Replication."  Percept.  Mot  SkiIIs,  vol.  XIII,  no.  3,  December  19ol  (U.  S.  Army 
Armor  Human  Research  Unit). 

Smith,  Robert  G.,  Jr.,  “Military  Control- A  Frequently  Missed  Training  Opportunity,” 
paper  read  at  APA  meeting.  1961  (U.  S.  A*my  Air  Defense  Human  Research  Unit). 

Smith,  Robert  G.,  Jr.,  "Research  Problems  Caused  by  the  Implementation  of  Pro¬ 
grammed  Instruction,”  p^per  read  at  meeting  of  SWPA,  1962  (U.  S.  Army  Air 
Defense  Human  Research  Unit). 

Snyder,  Richard,  and  Burdick.  Harry  A.,  “Effects  of  Uncertainty  About  Original 
Enlistment  on  Reported  Change  in  Opinion  Toward  the  Army,”  paper  read  at  APA 
meeting,  1961  (U.  S.  Army  Leadership  Human  Research  Unit). 

Thomas,  Francis  H.,  "Aerial  Observer  Problems,”  paper  read  at  7th  Annual  AHFE 
Conference,  University  of  Michigan,  October  1961  (U.  S.  Army  Aviation  Human 
Research  Unit). 

Thomas,  Francis  H.,  "Target  Acquisition  From  the  Armed  Helicopter,”  paper  pre¬ 
sented  at  Classified  Visual  Search  Symposium  of  the  Armed  Forces -NCR  Com¬ 
mittee  on  Vision.  San  Diego.  April  1962  (U.  S.  Army  Aviation  Human  Research 
Unit). 

Ware,  J.  Roger,  “Effects  of  Intelugence  on  Signal  Detection  in  Visual  and  Auditory 
Monitoring,”  Percept.  Mot.  Skills,  vol.  Xin,  no.  1,  August  1961  (U.  S.  Army  Armor 
Human  Research  Unit). 

Ware,  J.  Roger,  Sipowics,  Raymond  R.,  and  Baker,  R.  A.,  “Auditory  Vigilance  in 
Repeated  Sessions,**  Percept.  Mot.  Skills,  vol.  Xni,  no.  2,  October  1961  (U.  S. 
Army  Armor  Human  Research  Unit). 

Weidenfeller,  Edward  W.,  Baker,  Robert  A.,  and  Ware,  J.  Roger,  “The  Effects  of 
Knowledge  of  Results  (True  and  False)  on  Vigilance  Performance,”  Percept.  Mot. 
Skills,  vol.  XIV,  no.  2,  April  1962  (U.  S.  Army  Armor  Human  Research  Unit). 

Whitmore,  Paul  G.,  “Deriving  and  Specifying  Instructional  Objectives,’*  paper  read 
at  Symposium  on  Automated  Teaching:  Research  Problems,  APA  meeting.  1961 
(U.  S.  Army  Air  Defense  Human  Research  Unit). 

Whitmore,  P.  G.,  **A  Ratior.al  Analysis  of  the  Instructional  Process.**  lRE_Tran8._on 
Educ.,  December  I96l  (U.  S.  Army  Air  Defense  Human  Research  Unit). 

Wolff,  Peter  C.,  Cannon,  Denms,  and  Burnstein,  David,  “Collective  Reinforcement  of 
Groups,”  paper  presented  at  MPA  meeting,  1962  (U.  S.  Army  Armor  Human  Re¬ 
search  Unit). 

Wolff,  Peter  C.,  VanLoo,  Joseph,  and  Burnstein,  David  D.,  “The  Effects  of  Schedules 
of  Collective  Reinforcement  on  a  Class  During  a  Target  Detection  Course,”  paper 
read  at  SEP\  meetmg,  1962  (U,  S,  Army  Armor  Human  Research  Unit). 

Yagi,  Kan,  “Quantitative  Subjective  and  Projective  Responses  to  an  Ordered  Series 
of  Realistically  Stressful  Situations,”  paper  read  at  Symposium,  Psychonomic 
Society  meeting,  Columbia  University,  September  1961  (U.  S.  Army  Leadership 
Human  Research  Unit}. 
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C.  SIOGR^^PHICAL  DIRECTORY  OF  PROFESSIONAL  P£RSQNNE1  DIRECTLY  CONCERNED 
WITH  RESEARCH  ACTIVITIES* 


Name 

Title 

Decree 

Year 

University 

Primary  Field 

Office  of  the  Director.  HumRRO.  Wasmneton.  D, 

a 

Brily,  E. 

Sr.  Scientist 

PhD 

55 

Univ.  of  Texas 

English 

Cogan.  £. 

Sr.  Staff  Sci. 

PhD 

51 

Univ.  of  Calif. 

Psychology 

Crawford,  M.  P, 

Director,  HumRRO 

PhD 

35 

Columbia  Univ. 

Psychology 

Goffard,  S.  J. 

Sr.  Staff  Sci. 

FnD 

49 

Univ.  of  Minn. 

Psychology 

Hayes,  J. 

Res.  Assis^'ant 

MS 

59 

Purdue  Univ. 

Sociology 

Heyl,  A. 

Sr.  Staff  Sci. 

MA 

47 

Univ.  ofTexas 

Mathematics 

Kraemer,  A. 

Sr.  Staff  Sci. 

PhD 

56 

Vanderbilt  Univ. 

Psychology 

McClelland,  W. 

Deputy  Director 

PhD 

48 

Un*v.  of  Minn. 

Psychology 

Osanka,  F. 

Res.  Assoc,ate 

AM 

61 

No.  Ill.  Univ. 

Soc-Anthro. 

Stewart,  £. 

Res.  Scientist 

PhD 

56 

Urdv.  of  Texas 

Psychology 

Vallance,  T. 

Deputy  Director 

PhD 

50 

Syracuse  Umv. 

Psychology 

Williams,  W. 

Sr.  Scientis*' 

PhD 

55 

Univ.  of  Tenn. 

Indus.  Psych. 

W indie,  C. 

Sr.  Scientist 

PhD 

52 

Columbia  Univ. 

Psychology 

Training  Methods  Division,  Washin^on, 

D.  C. 

Bloxom,  M. 

Res.  Assistant 

MA 

56 

Ohio  State  Univ. 

Psychology 

Brown,  G. 

Sr.  Scientist 

PhD 

52 

New  York  Univ. 

Psychology 

Buchanan,  R. 

Res.  Associate 

MS 

60 

Univ.  of  N.  C. 

Psychology 

Butler,  P. 

Res.  Associate 

MA 

57 

Univ.  of  S.  C. 

Psychology 

Clark,  J. 

Res.  Associate 

MA 

61 

Univ.  of  Kentucky 

Psychology 

Fink,  C.  D, 

Res.  Scientist 

PhD 

58 

Univ.  of  Colo. 

Psychology 

Froehlich,  D. 

Res.  Scientist 

PhD 

61 

Umv.  of  III. 

Psychology 

Garvey,  1C. 

Res.  Scientist 

PhD 

58 

Univ.  of  Texas 

Linguistics 

Gebhard,  R. 

Res.  Scientist 

MA 

58 

Umv.  of  Minn. 

Psychology 

Hoehn,  A. 

Director  of  Resell. 

PhD 

51 

Umv.  of  III. 

£duc.  Psych. 

Kamenske,  G. 

Res.  Associate 

MA 

55 

Mich.  St.  Univ. 

^ttdus.  Psych. 

MacCaslin,  £. 

Sr.  Scientist 

PhD 

53 

Univ.  of  Texas 

Psychology 

McClure,  A. 

Res.  Associate 

MA 

51 

Umv.  of  Penn. 

Psychology 

McCrary,  J. 

Res.  Scientist 

PhD 

61 

Drown  Univ. 

Psychology 

McKnight,  J. 

Sr.  Scientist 

PhD 

57 

Umv.  of  Minn. 

Psychology 

Montague,  W. 

Res.  Scientist 

MA 

52 

Geo.  Wash.Umv. 

Psychology 

Rasmussen,  E. 

Technician 

.. 

... 

Electronics 

Rayner,  J. 

Res.  Assistant 

-- 

... 

Psychology 

Rocklyn,  £. 

Sr.  Scientist 

PhD 

56 

Umv.  of  Pitt. 

Psychology 

Seidel,  R. 

Res.  Scientist 

PhD 

57 

Univ.  of  Penna. 

Psychology 

Shriver,  £. 

Sr.  Staff  Sci. 

PhD 

53 

Univ.  of  Pitt. 

Psychology 

Trexler,  R. 

Sr.  Technicism 

AB 

55 

Wash.  &  Jeff.  Coll. 

,  Elec.  Engnr. 

Vineberg,  R. 

Sr.  Staff  Sci. 

PhD 

52 

New  York  Univ. 

Psychology 

U.  S.  Army  Armor  Human  Research  Umt»  Fort  Knox.  Kentucky 


Baker,  R. 

Sr.  Staff  Sci. 

PhD 

Cannon,  L.  D. 

Res.  Scientist 

PhD 

Cook,  J. 

Sr.  Technician 

.. 

Drucker,  E. 

Res.  Associate 

MA 

Easley,  D. 

Sr.  Scientist 

PhD 

Haggard,  D. 

Sr.  Scientist 

PhD 

Miller,  A. 

Res.  Scientist 

PhD 

Oxson,  II. 

Sr.  Scientist 

MS 

Osborn,  W. 

Res.  Associate 

MS 

Pickett,  J. 

Res.  Assistant 

MS 

Schwartz,  S. 

Sr.  Scientist 

BA 

Sheldon,  R. 

Res.  Sciezitist 

PhD 

Smith,  J.  P. 

Sr.  Scientist 

PhD 

WiUard,  N. 

Director  of  Reach. 

PhD 

Wolff,  P. 

Res.  Scientist 

PhD 

52 

Stanford  Univ. 

Psychology 

59 

Purdue  Umv. 

Clin.  Psych. 

.. 

... 

MiL  Ops- Armor 

58 

Umv.  of  Kentucky 

Psychology 

56 

Vanderbilt  Umv. 

Psychology 

56 

St.  Univ.  of  Iowa 

Psychology 

61 

Univ.  of  N.  C. 

Psychology 

59 

N.  C.  St.  Umv. 

Psychology 

59 

Purdue  Univ. 

Indus.  Psych. 

61 

Purdue  Univ. 

Exper.  Psych. 

33 

Long  Island  Umv. 

German 

61 

St.  Univ.  of  Iowa 

Psychology 

54 

Ohio  State  Univ. 

Education 

54 

Umv.  of  Minn. 

Psychology 

59 

Univ.  of  Houston 

Psychology 

iDstet  does  not  Lndude  spedolist  pcofessxand  personnel  primarily  engaged  in  tedmlca!  or  iodstied  si«>poit  of  nseoidi 
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Name 

Title 

Degiee 

Year 

University 

Primary  Field 

U.  S.  Army  Leadership  Human  Research  Unit.  Presidio  of  Monterev.  California 

Berkun,  M. 

Sr.  Scientist 

PhD 

S6 

Yale  Univ. 

Psychology 

B’aJek,  H. 

Sr.  Scientist 

PhD 

57 

Claremont  Col. 

Psychology 

B’  rdicV  H. 

Res.  Scientist 

PhD 

5? 

Univ.  of  Mich. 

Sociology 

Caylor,  J. 

Res.  Scientist 

PhD 

56 

Univ.  of  Mich. 

Soc.  Psych. 

Gay,  G. 

Sr.  Technician 

.. 

.. 

... 

Device  Engnr. 

Hood,  J. 

Res.  Associate 

PhD 

61 

Ohio  State  Univ. 

Psychology 

Hood,  P. 

Sr.  Staff  Sci. 

PhD 

S3 

Ohio  State  Univ. 

Psycho.ogy 

Kern,  R. 

Sr.  Scientist 

PhD 

53 

St.  Univ.  of  Iowa 

Clm,  Psych. 

McFann,  H. 

Director  of  Resch. 

PhD 

52 

St.  Univ.  of  Iowa 

Psychology 

Murphy,  D. 

Sr.  Scientist 

Phl> 

53 

St.  Univ.  of  Iowa 

Psychology 

Myers,  T. 

Sr.  Scientist 

PhD 

52 

St.  Univ.  oflowa 

Psychology 

Sebree,  S. 

Sr.  Technician 

BS 

19 

West  Point 

Engineering 

Showel,  M. 

Sr.  Scientist 

PhD 

52 

Wash.  State  Univ. 

Sociology 

Smith,  S. 

Res.  Scientist 

PhD 

59 

U.  of  Rochester 

Psychology 

Snyder,  R. 

Sr.  Scientist 

PhD 

52 

MIT 

Psychology 

Taylor,  E. 

Sr.  Scientist 

PhD 

54 

St.  Univ.  oflowa 

Psychology 

Taylor,  J. 

Sr.  Staff  Scu 

PhD 

S3 

St.  Univ.  oflowa 

Psychology 

ViXjoen,  B. 

Technician 

.. 

.. 

... 

Device  Engnr. 

Walker,  J. 

Res.  Scientist 

PhD 

61 

Univ.  of  Wash. 

Psychology 

Wheeler,  L. 

Res.  Associate 

BA 

59 

Stanford  Univ. 

Psychology 

Yagi-  K. 

Res.  Associate 

MS 

58 

Univ.  of  Utah 

Psychology 

U.  S.  Army  Infantry  Human  Research  Unit,  Fort  Bcnnlne, 

Georgia 

Brown,  F. 

Res.  Associate 

BS 

56 

Clarion  Teach.  Col, 

,  Education 

Brovm,  R. 

Res.  Scientist 

PhD 

60 

S.  in.  Univ. 

Psychology 

Felton,  E. 

Res.  Associate 

MS 

57 

Univ.  of  Georgia 

Psychology 

Fooks,  N, 

Sr.  Technician 

BS 

27 

West  Point 

Engineering 

George,  C. 

Res.  Scientist 

MA 

53 

Univ.  of  Aris. 

Psychology 

Harris,  L. 

Technician 

.. 

... 

Device  Engnr. 

Jacobs,  T.  0. 

Sr.  Scientist 

PhD 

56 

Umv.  of  Pitt, 

Psychology 

Kelly.  H. 

Sr.  Technician 

•. 

•. 

Mil.  Ops.oinf. 

l^ange,  C. 

Director  of  Resch. 

PhD 

51 

Univ.  ofPitt. 

Psychology 

McCrystal.  T. 

Res.  Scientist 

MA 

59 

Univ.  of  Ky, 

Exper.  Psych. 

Nichols,  T. 

Sr.  Scientist 

PhD 

55 

Univ.  of  Calif. 

Psychology 

Olmstead,  J. 

Sr.  Scientist 

PhD 

56 

Univ.  of  Texas 

Soc.  Psych. 

Powers,  T, 

Res.  Associate 

MA 

56 

Univ.  of  Kentucky 

Exper.  Psych. 

Ward,  J, 

Res.  Scientist 

PhD 

62 

Tulane  Univ. 

Psychology 

U«  S.  Army  Air  Pefenae  Huroan  Research  Unit,  Fort  Blisg,  Texas 


Ammerman,  H. 

Res.  Scientist 

PhD 

60 

Purdue  Univ. 

Psychology 

Baldwin.  R. 

Sr.  Staff  Sci. 

PhD 

54 

Univ.  oflowa 

Psychology 

Bergum,  R. 

Res.  Scientist 

PhD 

58 

Northwestern  Univ,  Psychology 

Burrell,  W, 

Technician 

BS 

40 

Kansas  State  Col. 

Mech.  Engr. 

Coleman,  E. 

Res.  Scientist 

PhD 

61 

Johns  Hopkins  U. 

Psychology 

Cox,  J. 

Sr.  Scientist 

PhD 

54 

Univ,  of  Texas 

Educ.  Psych. 

Christenson,  H. 

Res.  Assoc. 

MS 

60 

Univ.  of  Utah 

Educ.  Psych. 

Follettie,  J. 

Sr.  Scientist 

PhD 

61 

Tulane  Univ. 

Psychology 

Harris,  J. 

Res.  Associate 

BSC 

54 

U.  of  Louisville 

Bus.  Admin, 

Haverland,  E. 

Sr.  Scientist 

PhD 

54 

Univ.  of  III. 

Psychology 

Lehr,  D. 

Res.  Assistant 

BA 

59 

Mich.  State  Univ, 

Psychology 

Melching.  W. 

Sr.  Scientist 

PhD 

53 

U.C.L.A. 

Psychology 

Norred,  W, 

Res.  Assistant 

— 

... 

Elec.  Engr. 

Napper,  H. 

Technician 

— 

Elec .  Engr. 

Rogers,  J. 

Sr.  Scientist 

PhD 

56 

Emory  Univ. 

Psychology 

Rupe,  J. 

Sr.  Scientist 

PhD 

50 

Purdue  Univ. 

Indus.  Psych. 

Sevems,  J. 

Res.  Assistant 

... 

Elec.  Engr. 

Smith,  R.  G. 

Director  of  Resch. 

PhD 

50 

Univ.  oflU. 

Psychology 

Solem,  A, 

Sr.  Technician 

BS 

27 

West  Point 

Engineering 
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Name 


Title 


Name 

Title 

Degree 

Year 

University 

Thorne,  H.  V.’. 

Sr  Technician 

Whitmore,  P. 

Res,  Scientist 

PhD 

S6 

Univ.  of  Tenn 

Wright,  A.  D. 

Res  Associate 

MS 

S9 

Ft.  Hays  Kans. 

U.  S.  Army  Aviation  Human  Research  Unit,  Fort  Rucker, 

Alabama 

Blohm,  J. 

Technician 

... 

floney,  W. 

Res.  Assistant 

BA 

61 

Furman  College 

Boyd,  W. 

Res.  Associate 

MS 

61 

N.  C.  State  Col. 

Colgan,  C. 

Res.  Scientist 

PhD 

54 

Univ.  of  Fla. 

Dawkins,  P. 

Sr.  Scientist 

PhD 

57 

Univ.  of  Texas 

DuHy,  J, 

Res.  Associate 

MA 

53 

Untv.  ofFla. 

Edmonds,  E. 

Res  Assistant 

MS 

6! 

Auburn  Univ. 

Jolley,  O. 

Sr.  Technician 

.. 

... 

Lyons,  J.  D. 

Director  of  Resch. 

PhD 

53 

Univ.  oflU. 

Prophet,  W. 

Sr.  Scientist 

PhD 

58 

Jniv,  of  Fla. 

Schulz,  R. 

Res.  Associate 

MA 

58 

Mich.  State  Univ. 

Thomas,  F. 

Sr.  Staff  Sci. 

PhD 

53 

Cornell  Univ. 

Waller,  T.  G. 

Res.  Assistant 

MS 

61 

Miss.  So.  Coll. 

Wright,  R. 

Res,  Scientist 

PhD 

62 

Purdue  Univ. 

Primary  Field 

Device  Engr. 
Psychology 
Exper.  Psych. 


Mil.  Ops.-Avn. 

Psychology 

Indus.  Psych. 

Psychology 

Psychology 

Psychology 

Psychology 

Mil.  Ops.'Avn. 

Psychology 

Sociology 

Psychology 

Psychology 

Psychology 

Exper.  Psych, 


UNCLASSIFIED 


UNCLASSIFIED 


.  .js.  -  ^  ^ 
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